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IN MEMORY OF PROFESSOR N. A. VALYASHKO 
(1871-1955) 

A. E. Lutsky and V. I. Atroshchenko 

On January 25; 1955 in his 84th year, after a long illness, died one of the oldest Soviet chemists, 

Doctor of Chemical Science, Doctor of Pharmaceutical Science, Professor Nikolai Avksentevicn 
Valyashko. 

N. A. Valyashko was bom in the town of Kupyansk (Kharkov region) on March 20, 1871 into the 
family of a pharmacist. For many years N. A. Valyashko worked as a pupil in Kharkov pharmacies, and 
later as a pharmaceutical assistant. His unusual thirst for knowledge and his persistence enabled him to 
pass the examination as. a pharmacist, and in September 1895 he became an assistant in the pharmaceu- 
tical laboratory of Kharkov University, In the course of the subsequent 60 years N. A. devoted himself 
entirely to the training of chemists, pharmacists, engineers and young scie.htists, and to the development 
of organic and pharmaceutical chemistry in Russia. In 1896 he organized the teaching of analytical chem- 
istry for pharmacists and established the new pharmaceutical laboratory at Kharkov University. In 1919 
N. A. was chosen as professor of pharmacy and pharmacognosy. From 1919, after defending Ms dissertation 
for the degree of Doctor of Chemistry, up to the end of his life, N. A. occupied the chair of organic chem- 
istry at Kharkov Institute of Technology, now the Kharkov V. I. Lenin Polytechnic Institute. 

The scientific activity of N. A. was as.sociated mainly with the study of two problems " the chemistry 
of substances of medicinal importance and the structure of molecules as revealed by ultraviolet absorption 
spectra. 

The phytochemical studies of N. A. had great practical importance. They enabled the raw material 
basis for the production of medicinal substances to be widened in the Ukraine. He made a chemical study 
of adonidine, rutin, robinine and campherol, components of fruits of prickly buckthorn, essential oils of 
Ukrainian plants, castor oil from the UkraiMan castor oil plant, etc. With E. 1. Valyashko he developed a 
method of production of the casein preparation "calcaz” (calcium casemate) for treatment of children s 
intestinal ailments. He prepared alkyl and acetyl derivatives of campherol (1,3,4, -trihydroxyflavanol)? con- 
trary to the view held at that time, he showed that the Kostanecki -Drager rule of the inability of hydroxyls 
in tbie vicinity of a carbonyl group to give methyl ethers is valid only for methylation with alkyl iodides. 

Thus, by the action of dimeMyl sulfate on quercetin, he readily obtained trimethyl ethers. 

The priaclpal researches of N. A. were associated with ultraviolet absorption spectra. He was one of 
the pioneers of the extensive use of these spe.ctra in the study of the structure of molecules and their behavior 
in presence of various solvents and reactants. Starting from 1908, at the very start: of the development of the 
technique of measurement of these spectra. N. A. appreciated their enormous value not only for the study of 
chemical structure but also for the idenufication and analysis of complex mixtures of various substances. In 
1910 he established the fir st Russian spectrograpMc laboratory. His school of spectrographic specialists was 
considered one of the best in the world both in its thoroughness and in the systematic character of the investi- 
gations of the ultraviolet absorption spectra of various chemical compounds. Actually, in respect of these 
characteristics, which are essential for any scientific investigation, his school differed markedly from those of 
Henri, Baly, Hantzsch, as well as from the contemporary schools, for example those of Ramart -Lucas or Mor- 
ton. 

N. A. and Ms pupils (Boltina, Druzhin, Bliznyukov, Shcherbakov, Lutsky, Voroshin, Depeshko, Lavrushin, 
Rozum, Cheshko, N. N. Valyashko, Ramazanovich, and others) studied, with the thoroughness typical of the 
work of N. A. , the spectra of about 200 different mono-, di- and trisubstitute d benzenes, pyrazoles, pyrazolones, 
etc., and all the determinations of the spectra were carried out as a rule m diverse solvents and in presence of 
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, w i indeed the first to widely apply various types of molecular interactions during 
various reagents. N. A. was indeed me iitst to wiuciy fv,eir detail and ac- 

cx..nln.aon of .pocn wi.h ft. obj.cl,. of ..dying ft. Bn. mucn. of ; 1 “ftr™™ *■ 

Analysis of the accumulated data enabled N. A. to estabUsh a^bwlption curves of 

ment of the maxima of the bands was calculated the energy of the hydrogen bond; ihe value so obtained 
agreed with that calculated by other methods. 

Utilizing the established regularities. N. A. arrived at a number of interesting conclusions about the 
fine structure of molecules of various compounds. He estabUshed that a meihylene the absle of 

benzene rings is by no means (as generally assumed) isolated; he spectrographically P 
hypothetical inner salts in o- and p-amino- and dimethylamino-substituted benzene 
acids; he also showed that a betaine sttucture was absent from their esters. Tautomeri ^ Y 

N. A. in a number of investigations. He determined spectrographically the existence 

tautomerism in resorcinol, phenylhydrazine, acetaniUde. etc. Spectrographic study o salt forn^ation poly 
hydroxy compounds led to the conclusion that the different hydroxyls were not equivalent in value. 

Particularly close attention was paid by N. A. to the spectrographic study of the relation between the 
structure of molecules and their physiological action. As a pioneer in this field, he put forward many inter 
esting ideas and suggestions which await further confirmation and development Ako of 

concepts of the character of ultraviolet absorption spectra that were developed by N. . , , 

spectra of mono- and polysubstituted benzenes as the result of intensification and displacement of bands 
characteristic of unsubstituted benzene. The character of the spectrum of a substituted benzene, according 
to N A is determined mainly by the'tiistribution of unsaturated centers" in the benzene ring itself while 
-• the namre of the atoms in part entering into the molecule in the form of substituted groups and even 
sometimes entering the nucleus of the molecule plays a secondary part". The benzene ring itself is m his 
view, a dynamic system. Interaction between ring and substituents creates a new dynamic system derived 
from benzene, as the main center of movement, and differing in the development of one type of oscilla- 
tions or another which determine the state of the molecule. These views of N. A. were also a sohd con 
tribution to the further development of the ideas of A. M. Butlerov and V. V. Markovnikov on the recipro- 
cal influence of functional groups in a molecule, of A. M. Butlerov’s conception of the chemical compound 
not as something dead and immobile but as a constantly moving system of the smallest particles. 

N. A. constantly took a very active part also in the organization of the development of industry and 
science in our country. In 1924 he was a member of a committee of the People’s Commissariat of Public 
Health for the publication of a National Pharmacopeia and a member of the Pharmacopeial Committee 
in Moscow In 1926 he became a member of the Academic Medical Council of the People’s Commissariat 
of Public Health of the Ukrainian SSR. From 1925 to 1938 N. A. was national editor of the Ukrainian Chem- 
ical Journal; in 1932 he bacame a member of the Presidium of the Chemical Development Committee 
under the State Planning Commission of the USSR. 

In 1898 N. A. was admitted to the roll of members of the Russian Physico-chemical Society. He took 
an active part in it’as secretary, later as Assistant Chairman and Chairman of the Kharkov section. After 
thePhysico-chemicalSociety had been reorganized as the D. I. Mendeleev All-Union Chemical Society he 
became permanent chairman of its Kharkov section and member of the presidium of the organizing bureau 
of the society. He was president of the organizing committee at the convocation of the 6th Mendeleev Con- 
gress. In 1941 N. A. was chosen as honorary member of the society. . 

For his fruitful activity N. A. was honored by the Soviet Governi^ent with the Orders of Lenin and of 
Worker of the Red Flag; he was also awarded the medal "For vaUant service in the Great Patriotic War of 
1941-1945”. The Ukrainian Government awarded him the title of honorary worker in science. 

To all who knew him. N. A. will serve as an example of a man of self-sacrificing work, a patriot of 
out country, a man who gave his whole Ufe to the service of Soviet science and the Soviet people. 


306 


A. Published 


LIST OF SCIENTIFIC PUBLICATIONS OF N. A. VALYASHKO 
work 

I. Adonidine. P. Farmats. Vestnik (1900). 

f 2. Prof. Ernest Schmidt, Biographical Smdy, Farmats, Vestnik (1902). 

3. "The Problem of the Structure of Flavones". Reports at the meeting of the Kharkov Society of 
Physico-chemical Sciences (1902). 

4. "110110 from Rue", Dissertation for the degree of Doctor of Pharmacy, Trans. Kharkov Soc. Phys.- 
chem. Sci., (1903). Supplement XII, Arch. Pharm., 242, 225 (1940). 

5. "TheGlucosideRobinine". J. Russ. Phys. Chem. Soc., 36, 421 (1904); Arch. Pharm.. 242. 384(1904). 

6. Ust of scientific works of Academician N. N. Beketov, compiled on behalf of the Society of Phy- 
sico-chemical Sciences, Jubilee collection, Kharkov (1904). 

7. History of the chairs of pharmacy and pharmacogonosy and of the pharmacernical laboratory, and 
biographies of teachers. The medical faculty of Kharkov University after 100 years, Kh^Jo^- 19°^ -1906. 

pp. 283-296. Biographical dictionary of professors of the medical faculty, loc. cit., pp. - . 

8. "The Current State of the Problem of the Leaves of the Foxglove". Kharkov Medical Journal. 45 
(1907). 

9. "Components of the Fruits of Buckthorn”, J. Russ. Phys. Chem. Soc.. 40. 1502 (1908) (in collabora- 
tion with N. P. Krasovsky). 

10. "Campherol from the Glucoside Robinine", Trans. Kharkov Soc. Phys. -chem. Sci. (1908); Arch. 
Pharm., 247 448(1909). 

II. Observation on the Paper by J. Herzig and B. Hoffmann, Ber, 42, 726 (1909). 

1 12. "Absorption Spectra and Constitution of Benzene Derivatives, I. Phenolaldehydes. Benzaldehyde 

and Phenol”, J. Russ. Phys. Chem. Soc., 42, 73 (1910), , 

13. "Absorption Spectra and Constitution of Benzene Derivatives. II. Nitro- and ^Idehydo -derivatives 
of Benzene, Toluene. Phenol. Acetoxybenzene and Benzoquinone". J. Russ. Phys. Chem. Soc.. 42,962 (1910). 

14. "Absorption Spectra and Constitution of Derivatives of Benzene. III. Phenol, Methoxy-, Nitro- 
and Aldehydophenols in Alkaline Solutions”, J. Russ. Phys. Chem, Soc., 45. 199 (1913), 

15. "Absorption Spectra and Constitution of Benzene Derivatives, IV. Binuclear Compounds " Wpbenyl 
Ether. Diphenylamine and Diphenylmethane". J. Russ. Phys. Chem. Soc., 45, 2014 (1913) (with G. M. Druzhin 
in). 

16 "Absorption Spectra and Constitution of Benzene Derivatives, V. Dialdehydo-. Dinitro- and Alde- 
hydonitrobenzenes, J. Russ. Phys. Chem. Soc.. 46. 1742 (1914) (with M. V. Voltina). 

17. "Absorption Spectra and Consitiution of Benzene Derivatives, VI. The Tautomerism of Acetani- 
Ude", J. Russ. Phys. Chem. Soc.. 46. 1780 (1914) (with M. V, Voltina). 

18 "Absorption Spectra and Constitution of Benzene Derivatives, VII. Mono- and Diacetoxybenzenes. 
Phenylenediamines. Diacetylphenylenediamines and some Derivatives of Toluene”, J. Russ. Phys. Chem. 

Soc., 46. 1788 (1914) (with M. V. Voltina). 

19. "Absorption Spectra and Constitution of Benzene Derivatives. VIII. Benz -anti -aldoxime and Benz- 
syn-aldoxime”, J. Russ. Phys. Chem. Soc., 46, 1822 (1914), 

20. "The Mechanism of the Manganese Reaction of Crum-Volhaid and Dyrmont", J. Russ. Phys. Chem. 

, Soc., 48, 1813 (1916). 

21. Absorption Spectra and Constimtion of Benzene Derivatives. Abstract of doctoral dissertation, 
Kharkov (1918). 

f: 22. "Absorption Spectra and Constitution of Benzene Derivatives, IX.. Dihydroxybenzaldehydes. The 

Theory of Auxochromes”, J. Russ. Phys. Chem. Soc.. 58, 779 (19^6). 
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23. -n.. F..bl.« =t *. 0,g..l»u.. ot Ph..m.o..tt=.l demlc. I.da.., 1. UtoW. Kbl«- 
farm, Vesmik, Odessa (1926) (with I. A. Krasusky). 

24. -concerning Seccheiln. »d to SnccMne Problem-, Khlofarm, Ve.odk. Odeei. Hm. 

25. ■P.ep.r.rl.r. .1 . Si.ble Alcobolic So.«n.. ot Sodium H,dn.«de ..d the Re.erlon of C.mno 
Alkalies with Aldehydes and Chloroform”. Pharm. J., 34 (1928). 

26. "Castor Oil from the Ukrainian Castor Oil Plant". Pharm. J. 240 (1928) (with M. A. 

Nekhamkina). 

27. The Problem of the Extraction of Strychnine in Forensic Chemical Investigations. Pharm. J. . 

532 (1928) (with V. A. Rozvadovsky), 

28. "Calcaz. a Preparation Replacing •Larozan’, ", Pharm. 699 (1928) (with E. I. Valyashko). 

29. "Alkaloids." B. Microbiol. . Epidemiol .IParisitol. USSR. I. 394 (1928). 

30. "Gluco.sides."B. Microbiol., Epidemiol. Parisitol ..USSR. VII, 335. (1929). 

31 -The Synthesis of Antipyrine". Ukrain. Chem. J.. 5. 47 (1930) (with V. I. Bliznyukov). 

32. -DererBlnariob .1 Smell Amounr. of Bl.mnrh In Org.mo M....1.1 -Idion. Decompoelrlor.". Ukr.ln. 
Chem. J.. 5. 275 (1930) (with P. K. Virup). 

33. Chemical Investigation of the Azalea of Ukrainian Poland. Pharm. J.. 13 (1930) (with N. A. 
Nekhamkina). 

34. -Henebor. P.l.onlog In Por.mlo Chemical Preclce, Pherm. 1., IS (1381) (with V. A. Rocedo,*,). 

35. -The Action of Chlorine on. Acetylene end the Pcep.re.ion of Ten.chloto.th.n. end Trichlo.o- 
ethylene", Ukrain. Chem. J.. 7. 12 (1932) (with G. A. Kosenko). 

36. -Quantitative Determination of Alkaloids in the Leaves of Belladonna", Ukrain. Chem. J., 9. 343 
(1934) (with R. O. Regilyant, M. M. Sergutina and Z. V. Sova). 

37 "Study of the Vegetable Raw Materials of the Ukraine. I. Working-up of LupuUn to Tar. Essential 
Oil. and Fatty Acids". Ukrain. Chem. J.. 10 . 210 (1935) (with Yu. G. Borisyuk). 

38. -Melting Point of Resorcinol". Ukrain. Chem. J.. 10. 305 (1935) (with M. M. Shcherbak). 

39. "Study of the Vegetable Raw Materials of Ukraine. II. Essential Oils”, Ukrain. Chem. J.. 12. 261 
(1937) (with Yu. G. Borisyuk). 

40. "Study of the Vegetable Raw Materials of Ukraine, III. Rectification of Peppermint Oil", Ukrain. 
Chem. J.. 12. 305 (1937) (with Yu. G. Borisyuk). 

41. "The Rotatory Dispersion of Essential Oih" Ukrain. Chem. J.. 12. 245 (1937) (with Yu. G. Borisyuk). 

42. "The Scientific Work of Professor A, D. Rozenfeld", Pharm. J., 165 (1937). 

43. "Absorption Spectra and Constitution of Benzene Derivatives. X. 3-Hydroxy- and 3.5 -Dihydroxy - 
benzaldehyde", J. Gen. Chem.. 8, 1399 (1938) (with M. I. Shcherbak). 

44 -Spectrographic Investigation of the Action of Caustic AlkaU on Resorcinol. I. Resorcinol and 
Methylresorcinol". J. Gen. Chem.. 8. 1597 (1938) (with M. I. Shcherbak). 

45 "Spectrographic Investigation of the Action of Caustic Alkali on Resorcinol, H. Dihydroresotclnol 
and Resorcinol in Solutions of Sulfurous Acid. The Problem of Keto-Enol Tautoraerism,-, J. Gen.Chem., 8. 
1629 (1938) (with M. I. Shcherbak). 

46. "Spectrographic Investigation of the Action of Caustic Alkali on Resorcinol, III. Diphenyl Deriva- 
tives". J. Gen. Chem.. 8, 1641 (1938) (with M. I. Shcherbak). 

47. -Uitraviolet Absorption Spectra of N-Phenyl Derivatives of Pyrazolone. I. Phenylhydrazine", J. 
Gen. Chem., 10. 1280 (1940) (with V. I. BUznyukov). 

48 -Ultraviolet Absorption Spectra of N-Phenyl Derivatives of Pyrazolone, II. Antipyrine. Amino- 
antipyrine and Dimethylaminoantipyrine-,J. Gen. Chem.. 10, 1343 (1940) (with V. I. BUznyukov). 


49. "The. Reaction of Mercuric Chloride with a Solution of Basic. Lead Acetate , J. Ge-ti. Chem., 10, 
1242 (1940) (with G. P. Pivnenko). 

50. "Investigation of the Seeds of Indian. Chrysanthemum'; Farmatsiya, 1, 14 (1940) (with E. N. 
Tsveibakl.. 

51. ''Quantitative Detetminatiosi of Coumarin in Melilot", Bull. Mendeleev All-Union Chem. Soc., 

No. 4, 13 (1940) (with E. G. Berdichevsky). 

52 "Dynamics of Accumulation of Alkaloids and of Extractive and Inorganic Substances duriD.g 
Different Periods of Growth and in Different Parts of the Belladonna Plant". Farmatsiya, No. 4. 20 (1940) 

(with E. V. Sova). 

53 "Utaaviolet Absorptioji Spectra of N-Phenyl Derivatives of Pyrazolone, HL l-Phenyl-3-methyl- 
-S-meth^xypyrazole and l-Phenyl-S'-methyl-S-pyrazolone."!. Gen. Chem.. 11, 23 (with V. I. BUznyukov). 

54. -••Ul&aviolet Absorption Spectra of N-Phenyl Derivatives of Pyrazolone, IV. General Considera- 
tion of the Absorption Spectra of N-Pher-vl Derivatives of Pyrazolone, Their Structure. a.>id Cotielauon with 
Pharmacodynamic Properties”. J. Gen. Chem., 11. 559 (1941) (with V. I. BUznyukov). 

55. "Absorption Spectra and Stoucture of Benzene Derivatives. XVIII. Diphenylmethane". Bull. 
Mendeleev All-Union Chem. Soc., No. 6, 14 (1941) (with. V. F. LaVrushin). 

56. "Absorption Spectra and Structure of Benzene DerivaUves. XIX. 2-. 3- and 4-Hydroxydiphen.yl- 
methanes". Bull. Mendeleev Ali-Union Chem. Soc., No. 6, 14 (1941) (with V. F. Lavtushin). 

57. "Absorption Spectra and Structure of Benzene Derivatives, XX. 4.4 -Dihydroxy -Diphenylmethane." 
Bull. Mendeleev All-Union Chem. Soc,, No. 6, 14 (1941) (with V. F. Lavrushln). 

58. "Ultraviolet Abiorption Spectra and the Fine Structure of Benzene Derivatives. Survey of Investi- 
gations in the years 1910-1940", Trans. S. M. Kitov Inst. Chem. Tech., Kharkov. No. 3. 36 (1941). 

59. "Nitration of Toluene with. Nitrogen Dioxide without Sulfuric Acid", Trans. S. M. Kirov Inst. 
Chem. Tech., Kharkov. No. 4, 48 (1944) (with V. I. BUznyukov and A. E. Lutsky). 

60 "The Keto-Enol Tautomeiism of Phenols, Spectrographic Investigation of Phloroglucinol and 
Some of Its Derivatives". Trans. S. M. Kirov Inst. Chem. Tech., Kharkov. No. 5. 15 (1945) (with E, M. 
Voroshin). 

61. -Absorption Spectra and Structure of Benzene Derivatives, XL Acetophenone". J. Gen. Chem.. 
16, 593 (1946) (wi* Yu. S. Rozum), 

62. "AbsorpticPb Spectra and Structure of Benzene Derivatives, XH. 2- and 4 -Hydroxy acetophenones 
and Their Methyl Ethers", J. Gea. Chem... 17, 755 (1947) (with Yu. S, Rozum). 

63. "Absorption Spectra and Structure of Benzene Derivatives. Xffl. 2.4-Dihydroxyacetophenone and 
Its Methyl Ethers”, J. Gen. Chem., 17, 783 (1947) (with Yu. S. Rozum). 

64. "Investigation of the Fatty Oil of the Seeds of Abyssinian Basil", J. Appl. Chem.. 20, 151 (1947) 
(with Z. A. Nepomnyashchaya). 

65. "Methods of Extraction of Strychnine from Aqueous Solutions from the Standpoint of the Parti- 
tion Law". Jubilee scientific conference of Pharmaceutical Institutes. Theses of Reports. Moscow (1947) 
(with T. V. Marchenko). 

66. "AbooiptioE Spectra and Structure of Benzene Derivatives, XIV. Polarogtaphic and Potentio - 
metric Investigations of Acetophenone and Its Derivatives". J. Gen. Chem,, 18, 710 (1948) (with lu. S. 
Rozum). 

67. "Spectrographic Investigation of 5-Bromo- and 3,5-DibromosaUcylaldehydes,- J. Gen. Chem,, 

18, 1113 (1948) (with N. N. Valyashko). 

68. "Spectrographic Investigation of the Fine Structures of Organic Compounds in the Laboratory 
of Organic Chemistry during 30 Years", Trans. S. M, Kirov Inst. Chem. Tech., Kharkov, No, 7, 3 (1949). 
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69. "Absorption Spectra and Structures of Febrifugal Derivatives of Benzene, I. 0 Acyl Derivati 
of Phenylhydtazine", J. Gen. Chem., 20, 479 (1950) (T.p. 513) • (with 1, T. Depeshko). 

70. "Absorption Spectra and Structure of Febrifugal Derivatives of Benzene, n. a Acyl Deri 

of Phenylhydrazine: J. Gen. Chem. 20. 1667 (1950) (T. p. 1729)’ (with I. T. Depeshko). 

71. "Absorption Spectra and Structures of Benzene Derivatives. XV. 3 -Hydroxyacetophenone". J. 

Gen. Chem., 21, 939 (1951) (T.p. 1029)’ (with A. E. Lutsky). 

72. "Absorption Spectra and Structures of Benzene Derivatives. XVI. 3 , 5 -Dihydroxyacetophenone". 

J. Gen. Chem., 21, 1069 (1951) (T.p. 1171)’ (with A. E. Lutsky). 

73. "Absorption Spectra and Structures of Benzene Derivatives, XVII. 2 . 6 -Dihydroxyacetophenone". 

J. Gen. Chem., 21, 1091 (1951) (T.p. 1193)’ (with A. E. Lutsky). 

74. "Absorption Spectra and Structures of Febrifugal Derivatives of Benzene, III. Absorption Spectra 
and Structures of Local Anesthetic Derivatives of Pyrazoline", I. Gen. Chem., 23, 320 (1953) ( .p. 

(I, T. Depeshko). ^ 

75. "Ultraviolet Specttogtaphic Investigation of Sulfur Dioxide, Sulfurous Acid and Methanesulfonic 
Acid and Their Derivatives". I. J. Gen. Chem., Supplement 1, 572 (1953) (with F. F. Cheshko). 

76. "Ultraviolet Specttogtaphic Investigation of Sulfur Dioxide. Sulfurous Acid and Methanesulfonic 
Acid and Their Derivatives. 11. Ultraviolet Spectrographic Investigation of the Sulfonation of Benzene. 
Benzenesulfonic Acid, and Its Detivativesr J. Gen. Chem., Supplement I. 584 (1953) (with F. F. Cheshko). 

77. "Absorption Spectra and Strucmre of Benzene Derivatives, XVUI. 3 , 4 -Dihydroxyacetophenone and 
Its Methyl Ethers? ]. Gen. Chem.. 26, 146 (1956) (T.p. 147) • (with N. N. Valyashko). 

78. "Absorption Spectra and Structure of Benzene Derivatives. XIX. 2 , 5 -Dihydtoxyacetophenone and 
Its Methyl Ethers,"]. Gen. Chem.. 26. 294 (1956) (T.p.311) • (with N. N. Valyashko). 

B. Papers prepared for publication 

1. Absorption Spectra and Structure of Benzene Derivatives. XX. Spectrographic Investigation of p- 
Aminobenzenesulfonic Acid and Its Derivatives (with N. N. Romazanovich). 

2. Absorption Spectra and Structure of Benzene Derivatives, XXI, p -Dime thy laminobenzenesulfonic 
Acid and Its Methyl Ester (with N. N. Romazanovich). 

3. Absorption Spectra and Structure of Benzene Derivatives. XXII. Spectrographic Investigation of o- 
and m-Aminobenzene Sulfonic Acids andlheit Derivatives (with N. N. Romazonovich). 


T. p. = C. B. Translation pagination 
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ABSORPTION SPECTRA AND STRUCTURE OF BENZENE DERIVATIVES 


XIX. 2 , 5 - Dihy dro xy a ce tophe none and Its Methyl Ethers 
N. A. Valyashko * and N. N. Valyashko 


Syntheses. 2 . 5 -Dihydroxyacetophenone was synthesized by the method of Nencki and Schmid [1]. Its 
methylation [2] gave 2-hydtoxy-5-methoxy- and 2,5-dimethoxyacetophenone. 2-Methoxy-5-hydroxyaceto- 
72L was prepared by the method of [3]. Tire prepared compounds were purified by recr).Ulhzation from 
appropriate solvents; 2 . 5 -dimethoxyacetophenone was purified by two redistillations at 158 (14 mm). 


2 5-Dihvdroxyacetophenone. The absorption of 2 . 5 -dihy droxyacetophenone in ethanol at concentrations 

" of 2-10 ' -^ ^-10-^ M resembles the absorption spectrum of 2 -hy droxyacetophenone; owing, 

however, to the conjugation of the 5 -hydroxy group with the benzene ring and the carbonyl 
/OH „oup. the band a* is more strongly developed (maximum at X 3700 A and e 9000) with a 
( \ 1 8 times increase in intensity and displacement of the maximum by 450 A toward the long- 

oAy wave region in comparison with band a* of 2 -hydroxyacetophenone (Fig. 1, Curves 1 and 2). 


FIg..l. 1) 2 . 5 -Dihy droxyacetophenone in ethanol 2 • lO"* -2 ■ lO'^ M; 2) 2 -hydroxyacetophenone 

in ethanol 10"*-10‘* M; 3) 3-hydtoxyacetophenDne in ethanol 10" 2-10 , M, 

• Deceased 
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Futtheimore the conjugation of the 5 -hydroxy group with the benzene ring and the carbonyl group is 
reflected in the presence of a band a i with a maximum at ^ 2300 A and t 32000, corresponding to band a\ 
in the spectrum of 3-hydroxyacetophenone but stronger (1.6 times) and displaced by 120 A in the direction of 
long waves; It is also superposed on band a, of 2,5 -dihydroxy acetophenone with a maximum at K 2500 A and 
f 11000, intercepting a portion of the absorption (Fig. 1, Curves 1 and 3) in tlie extreme ultraviolet. Band 
of 2,5-dihydroxyacetophenone has nearly the same intensity as band aj of 2 -hydroxy acetophenone and is situated 
40 A farther toward the long-wave region. 

The absorption spectra of 2,,5-dihydroxyacetophenone are unaffected by solvents: In water, ethanol, dichlo- 
roethane and dioxane at the same concentrations, only slight shifts in tlie position of the bands and only slight 
changes in intensity are observed (Table 1), 


TABLE 1 


Solvents for 2,5-dihydroxyaceto- 
phenone (2-10-®-2-10'®M) 

fla band i 

ay band | 

a'l 

band 







Ethanol 

3700 

9000 

2570 

11000 

2300 

30000 

Water 

3550 

6000 

2565 

10000 

2320 

20000 

Dichloroethane 

1 3525 

8000 

2550 

18000 

2285 

35000 

Dioxane 

! 3590 

6400 

2540 

11000 

2290 

30000 


Methyl ethers of 2,5-dihydroxyacetophenone. 2-Hydroxy-5-methoxy- (a), 2-methoxy-5-hydtoxy- (b), 
and 2,5-dimethoxyacetophenone (c) were examined in ethanol at concentrations of 2- 10"*-2- lO'® M. Methyla- 
tion of 2,5-dihydroxyacetophenone does not alter the character of its absorption spectrum but brings about a 
shift of the absorption maxima of band Cj into the short-wave region: methylation of the hydroxyl in the 5 
position results in a shift of 125 A; methylation of the hydroxyl in the 2 position results in a shift of 300 A; methyl- 
ation of both hydroxyls brings about a shift of 335 A (Table 2). 


/\/ 
J 'I 


(cl 


Such a large displacement of the band ai toward short waves in the case of 2-methoxy-5-hydroxy- and 2,5- 
dimethoxyacetophenones is caused by the rupture of the hydrogen bond between the hydroxyls in the 2 position 
and the oxygen of the carbonyl group, as had been demonstrated by N. A. Valyashko and Yu. S. Rozum [4] in the 
case of 2-methoxyacetophenone. 


TABLE 2 


Compounds (in ethanol solution) 


— - 

- “ 

band 

— .“’t 

band 

2.5- Dihydroxyacetophenone 

2 -Hydroxy -5 -methoxyacetophenone . ■ .• 
2-Methfflty-3-4qtdtoxyacetophenone . . 

2.5- Dimethoxyacetophenone . . .-. . 

3700 

3575 

3400 

3365 

9000 

6000 

7000 

9000 

2570 

2555 

2500 

2505 

11000 

9000 

10000 

12500 

2300 

2275 

2300 

2245 

30000 

40000 

16000 

25000 


Solvents (water, ethanol, dichloroethane and hexane) have little influence upon the absorption specua 
of the ethers. Only a small displacement of the maxima of the a, bands of 2 -methoxy -5 -hydroxy acetophenone 
in dichloroethane of 180 A and of 2,5-dimethoxyacetophenone in hexane of 125 A toward the shorter waves 
(concentration of 2 • 10 -2 • 10"® M) is observed. 
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Consequently the examination of the absorption spectra of 2,5-dihydroxyacetophenone and its methyl 
ethers in neutral solvents shows that neither methylation not the action of solvents substantially alters *e ^ar- 
acter of the absorption spectrum of 2,5 -dihydroxy acetophenone. The absorption spectrum of 2,5 dirne h y 
acetophenone in ethanol solution does not change on addition of 5 mol. HCl and 100 mol. sodium ethoxide. 

This indicates the poor reactivity of its carbonyl group. 

isomeric monomethvl ethers of 2.5-dihydroxvacetophenone in s olutions of sodium ethox^ Monomethyl 
ethers of 2,5-dihydroxyacetophenone can form salt-like compounds only at the unmethylated hydroxyl. 


r HsC-c^o 1 

0 

1 

t 

o 

1 V 


i 1 Na+. 

1 

LhsCo/'^/ 



This enables us to study spectrogtaphically the properties of each hydroxyl separately. 

2 -Hydroxy -5 -methoxyacetophenone was investigated in ethanol at concentrations of 2- 10 2 10 Min 

presence of 1, 10 and 100 mol. sodium ethoxide. Addition of only 1 mol. sodium ethoxide in ethanol at a con- 
centration of 2- 10-® M leads to formation of a sodium salt, and the edge of the absorption band is “ 

the extent of 450-500 A toward the long waves;, dilution with ethanol leads, however, to compleie alcoholysis 
of the salt (Fig. 2, Curve 3). Addition of 10 mol. sodium ethoxide results in suppression of alcoholysis on dilu- 
tion, but the. a* band does not develop fully, and only in presence of 100 mol. sodium ethoxide is a broad a* 
absorption band of 2-hydtoxy-5-methoxyacetophenone in the form of a salt developed with a maximum at X 
3850 A and e 10000; this maximum is 275 A farther into the long-wave region than the raaxiinum in neutr 
ethanol; the long-wave edge is 450 A farther into the long-wave region (Fig. 2, Curves 2 and 1). The chat 
of the change in the absorption spectrum of 2 -hydroxy -5 -methoxy acetophenone in presence of caustic amali 
is identical with the effect of alkaU on 2-hydroxyacetophenone, Conjugation of the methoxy group in e 
position with the carbonyl group and the benzene ting is marked by a bathochromic effect. 

The action of caustic alkali is not Umited to salt formation. It is possible that the ^oaiurn atom functions 
as a hydrogen bridge in the formation of a hydrogen bond between the carbonyl group and the hydroxyl in the 
position, investigations of intramolecular compounds with metals [5] showed the possibmty of formation of an 
intramolecular bridge with alkaU. alkaUne-earth and heavy metals. The structure of the salt of 2-hydroxy 5 
methoxyacetophenone may be represented by the formula: 


H‘C-^=°\ 

p 0-h. 

HjCO-'v^ 
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Fig. 2. l)2-Hydroxy-5-niethoxyacetophenoneinethanoi2-10 ^ ' 

NaOCoHj; 2) 2-hydroxy-5-methoxyacetophenone in ethanol 2- 10 ‘ 

NaOQHg; 3) 2 -hydroxy -5 -methoxyacetophenone in ethanol 2-10 -2 • 10 M + 1 rnol. 

NaOCjHg; 4) 2-hydroxyacetophenone in ethanol 10^ -10 M + 10 mol. Na Q 5, ) 

hydroxy-5-methoxyacetophenone in ethanol 2-10 ®-2- 10 M. 

The existence of an intramolecular sodium bridge in 2-hydroxyacetophenone is aUo indicated by the in- 
vestigations of Hantzsch [6]. ^ 

The isomeric 2-methoxy-5-hydroxyacetophenone was investigated in ethanol at ^ " 

-2-10-= M with addition of 10 and 100 mol. sodium ethoxide; the resultant curves of the absorption spectra of 
the sodium salt of 2-methoxy-5-hydroxyacetophenone were similar to those of the original “'“‘’Stance but the 
maximum was at \ 3700 A and e 6400. 300 A nearer the long-wave region than the spectrum of the solu 
in neutral ethanol (Fig, 3, Curves 1 and 2). 

in the present case the salt is formed at the hydroxy group in the 5 position, and the change in the spectrum 
under the influence of caustic alkali is identical with that in the case of 3 -hydroxy acetophenone ine c^- 
jugation of the methoxy group in the 2 position with the carbonyl group and the benzene ring exerts 
mic effect. 

2 3-Di hvdroxvacetophenone in aqueous and alcoholic solutions of caustic alj^ Aqueous and alcoholic 
solutions of alkaU exert a much greater influence upon the absorption spectrum of 2.5-dlhydroxyacetophenone. 
since both hydroxyls participate in salt formation. Its solutions become deep yellow orange ^nd brown. 2 5- 
Dihydroxya/etophenone was investigated in water at concentrations of 2 • 10 -2 • 10 M with addition of 10 

and 100 mol. sodium hydroxide. Addition of 10 moLsodium hydroxi^ sharply changes 

sorption spectrum of 2.5 -dihydroxyacetophenone (Fig. 4. Curve 2). The a, band, with a maximum at X 3800 A 
and £ 2000. is shifted 250 A toward the long-wawe region and is 3 times less intense. This a, b“d tecomes 
even broader after addition of 100 mol. sodium hydroxide; its maximum is then at X 4080 A and e 1600. and it 
is displaced 280 A nearer the long-wave region with a sUght lowering of intensity (Fig. 4. Curve 1). The absorp- 
tion spectrum of 2.5 -dihydroxyacetophenone in water in the region of minimum absorption has superposed 011 it. 
both irpresence of 10 mol.and of 100 mol.sodium hydroxide, a new absorption band y. with a ^axi^mum at X 
2850 and 2960 A and c 7000. corresponding to the hydroquinone band. The aj band, on the other hand, is shifted 
toward the short waves by 395 and 325 A. and the intensities are increased by factors of 1.25 and 1.6 respectively 
The absorption bands in alkaline solutions are broader and shallower, indicating superposition of some of the bands. 
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Fig. 3. 1) 2-Methoxy-5-hydroxyacetophenone in ethanol 2- 10 ® 2- 10 ® M + 100 mol. 
NaOCjHs: 2) 2 -methoxy -5 -hydroxy acetophenone in ethanol 2- 10 ®-2- 10 ® M + 10 mol. 
NaCXljHs: 3) 2 -methoxyacetophenone in ethanol lO'^-lO"* M; 4) 3 -hydroxyacetophenone 
in ethanol 10"* -3 • 10"® M + 100 mol. NaOCjHj. 



Fig. 4. 1) 2.5 -Dihydroxyacetophenone in water 2 • 10'*-2 • 10"® M + 100 mol, NaOH; 

2) 2,5 -dihydroxyacetophenone in water 2' 10 '^-2- 10"® + lOmol.NaOH; ; 3) 2-hydtOxy- 
acetophenone in ethanol 10"*-10"* M + 100 mol.. NaOH;;4) 3 -hydroxyacetophenone in 
ethanol 10’*-2- 10‘® M + 100 mol. NaOH, 
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Fig. 5..1)2,5-Dihydroxyacetophenone in ethanol 2 • 10'^-2- 10"® M + 10 mol. NaCXljHs; 

2) 2,5-(llhydroxyacetophenone in ethanol 2- 10 *— 2- 10 ® M + 1 mol. NaOCgHj; 3) 2- 
hydroxyacetophenone ln..ethanol l0'*-10’^ M + 10 mol. NaOC,Hs: 4) 3-hydtoxyaceto- 
phenone in ethanol 10 •'*-3 • 10‘® M + 100 mol. NaOCjHs; 5) methylhydtoquinone in 
ethanol + 10 mol. NaOC2H5. 

The effect of sodium ethoxide is more strongly manifested in an ethanol solution of 2,5-dihydroxyace- 
tophenone. At a concentration of 2 ’ 10 ’ M the presence of even 1 moL sodium ethoxide causes sait formation 
at the hydroxyl in the 2 position, but 10 -fold dilution brings about complete alcoholysis (Fig. 5, Curve 2). At 
concentrations of 2' 10 "*-2 ’ 10'* M, 2,5 -’dihydroxyacetophenone in ethanol undergoes alcoholysis on addition ■ 
of 10 moLsodium ethoxide, and salt is formed at both hydroxyls; the disodium salt of 2,5 -dihydroxyacetophenone 
gives a very complex absorption curve (Fig. 5, Curve 1) in which the absorption bands are superposed. 


r H,C-C=0 -|-T r H,C— C=0 - — 


The absorption band of the salt of 2,5 -dihydroxyacetophenone at the hydroxy group in the 2 position has 
a maximum at \ 3920 A and ^ 5000; subsequently, in the portion of the absorption spectrum between \ 3600 
and 2700 A a shallow absorption minimum is formed in the same position as the deep minimum in the spectrum 
of the salt of 2-hydtoxy-5-methoxyacetophenone, since on the latter ate superposed the absorption bands of the 
salt at the hydroxy group in the 5 position with a maximum at X 3500 A and e 4000 and the <f band correspond- 
ing to the band in the spectrum of the salt of hydroquinone with a maximum at X 3125 A and e 10000. The 
Qi band of 2,6-dihydroxyacetophenone in ethanol in presence of 10 moL sodium ethoxide at X 2600 A and c 
20000 is displaced 50 A toward the short waves in comparison with the Oi band of 2-hydtoxy-5-methoxyaceto- 
phenone in presence of 10 mol. sodium ethoxide, and it is 2.5 times more intense than the latter. The incom- 
plete a i band Ues at X 2990 A and e 32000. 

In presence of considerable amounts of caustic alkaU, the carbonyl group cannot enter into conjugation 
with the benzene rin’g and the hydroxyl groups; the stable Ionic form of hydroquinone is formed: 



The ionic form of hydroquinone readily changes into quinone, resulting in the appearance in the absorp- 
tion spectrum of the disodium salt of 2,5-dihydroxyacetophenone of bands corresponding to the bands in the 
spectra of hydroquinone and quinone. The absorption band characteristic of quinone is superposed on the edge 
of the a, band in the form of an inflection at X 4300 A and c 5000. This character of the absorption curve of 
2,5 -dihydroxyacetophenone also persists after addition of 100 mol, sodium ethoxide to the ethanol solution but 
this solution is very unstable and quickly darkens and deposits a dark-colored precipitate. 

2,5 -Dihydroxyacetophenone and its methyl ethers in concentrated sulfuric acid. 2-Hydroxy-5-methoxy,-, 
2-methoxy -5 -hydroxy- and 2,5 -dihydroxyacetophenone were examined in concentrated sulfuric acid (d 1.84) at 
concentrations of 2; 10‘*-2- 10"' M. These yellow solutions also start to absorb at X 4700-4850 A. They all 
exhibited changes in absorption spectra, leading to strong development of an absorption band at corresponding to 
the flj band of 2 -hydroxy acetophenone in concentrated sulfuric acid (Fig. 6). 



Fig. 6. 1) 2,5 -Dihydroxyacetophenone in cone. H*Sd4 2- 10‘*-2' 10 ® M; 2) 2, 5 -dihydroxy- 
a^tophenorie in 9.5'5t HjS04 2' 10-»-2- 10'® M; 3) 2-hydroxyacetophenone in 63.4'^ H,S04 10 
10"* M; 4) 3-hydroxyacetophenone in cone. HjS04 10**-10'* M; 5) hydroquinone in cone. H2SO4; 
6) acetophenone in done. 11*304. 


TABLE 4 


Compounds (In solution 1« 
sulfuric acid d 1.84) 

a* 1 

>and 

^ band I 

Oi band | 

a’i band 


‘ 


■ 

_ 

• 



2. 5 - Dihydroxyacetophenone 
2-Hydroxy-5-inethoxyacetpphenon 
2-Methoxy-5-hydroxy acetophenone 
2.-Hydtoxyacetpphenone 

2.5- DIhydtoxyacetophenone (In 

emanol) 

3970 

S4070 

3750 

3580 

3575 

20000 

6000 

4OQO 

4000 

6000 

2830 

2830 

2770 

2830 

10000 

12500 

22500 

10000 

2665 

2550 

9000 

12000 

2250 

2190 

2275 

80000 

40000 

40000 
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■ Comparison of the curves of thc absorption spectra of 2..5-rJihydroxyacetophenone and 

its ethers are similar to the absorption spectrum of 2 -hydroxyacetophenone in concentrated sulfuric acid, but they 
differ from it and from the absorption spectrum of 2 . 5 -dihydroxyacetophenone in ethanol by the strong develop- 
ment of the at band, considerably shifted toward the long waves, and by tlie increased intensity of the absorption 
especially in the case of 2 , 5 -dihydtoxyacetophenone. Participation of the conjugation of the hydroxy and methoxy 
groups in the 5 position is reflected on the curves of the absorption spectra in concentrated sulfuric acid by the aj 
band and by the strong bathochromic and hyperchromic effect in comparisoniwith the absorption spectra of 2,5- 
dihydroxyacetophenone in ethanol and of 2 -hydroxyacetophenone in concentrated sulfuric acid. Concerning, how- 
ever the absorption spectrum of 2 , 5 -dihydtoxyacetophenone in concentrated sulfuric acid, monomethylation leads 
to a hyperchromic effect, the methoxy group in the 2 position causes a 5 -fold reduction in the intensity of its a* 
band, while the methoxy group in the 5 position brings about a 3.3 -fold reduction in intensity. 


The absorption spectra of 2 , 5 -dihydtoxyacetophenone and its isomeric monomethyl ethers in concentrated 
sulfuric acid differ from their spectra in ethanol by the formation of a new band at \ 2830 and 2770 A. A similar 
band is developed by acetophenone in concentrated sulfuric acid at X 2950 A and e 22100 [7]. A band correspond- 
ing to the absorption band of acetophenone in concentrated sulfuric acid was also found by N. A. Valyashko and 
■yu. S. Rozum [4] in the case of 2-hydroxyacetophenone in concentrated sulfuric acid at X 2830 A and £ 12500. 

Formation in the absorption spectrum of 2 , 5 -dihydroxyacetophcnone in concentrated sulfuric acid of a band 
corresponding to the acetoplienone band appears to indicate that a proportion of the molecules no longer have their 
carbonyl group in conjugation with the hydroxyls and with the benzene ring, whereas the two hydroxyls in the para 
position are themselves conjugated with the benzene ring with formation of an absorption band corresponding to 
the absorption band of hydroquinone in concentrated sulfuric acid with a maximum at X 2850 A and e 1250 [8]. 
located in the region of absorption of acetophenone in concentrated sulfuric acid. 


Evalation of the Absorption Spectra of 2 , 5 - Dih y d r ox y a c e to phenon e 


In the molecule of 2,5-dihydtoxyacetophenone, which gives an absorption spectrum corresponding to the ab- 
sorption spectrum of 2-hydroxyacetophenone in ethanol but with weaker absorption bands, the carbonyl group may 
be conjugated with the benzene ring and with one of the two hydroxyl groups separately, as was demonstrated In 
the preceding communication with reference to 3,5- and 3,4-dihydroxyacetophenones. For 2.5-dihydr6xyaceto- 
phenone the separate conjugation of each of the two hydroxyls with the benzene ring and with the carbonyl group 
may be represented by the following scheme: 



o-conjugation 1,2 m-conjugation 1,5 (1,3) 

Ftom the position of the Uj absorption bands (X 3250 A in the case of 2-hydroxyacetophenone and X 3110 A 
in the case of 3 -hydroxyacetophenone), both conjugations ate energetically very similar: 1.2- 92 kcal/mol. and 
1.5-88.5 kcal/mol. [9]. Both conjugations in the case of 2 -hydroxyacetophenone and 3 -hydroxyacetophenone form 
absorption spectra of one type, very similar among themselves, but the spectrum of 2-hydroxyacetophenone differs 
from that of 3 -hydroxyacetophenone by virtue of the strong development of the bands, of the displacement toward 
the longer waves, and of their higher intensity. Consequently in the case of 2,5-dihydroxyacetophenoiie the ab- 
sorption spectrum corresponding to the spectrum of 2 -hydroxyacetophenone predominates, and under the influence 
of the 1,5 -conjugation it undergoes further development, mainly at the ajj band, the latter being also mote in- 
tensely absorbed and displaced toward the ted. 

This feature of conjugation of the carbonyl group with the benzene ring and one of the two hydroxyls persists 
in 2 , 5 -dihydroxyacetophenone, 2 -hydroxy -5 -methoxy- and 2 -methoxy -5 -hydroxyacetophenone in various solvents, 
in sodium ethoxide and concentrated sulfuric acid. This conjugation is partly suppressed in aqueous and alcoholic 
solutions of caustic alkah, but conjugation of the two oxygen ions in the para -position is additionally developed 
with formation of bands corresponding to the hydroquinone bands, while in alcoholic solution the quinone band is 
also formed. Concentrated sulfuric acid strongly polarizes the molecules of 2,5-dihydroxyacetophenone and its 
monomethyl ethers, heightens the 1,2 and 1,5 conjugations and partly suppresses the latter with supplementary 
formation in the absorption spectra of the absorption bands of acetophenone and hydroquinone in concentrated 
sulfuric acid. 
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MARY 


1. The ultraviolet absorption spectra of 2,5 -dihydtoxy-, 2 -hydroxy -5 -methoxy-, 2 -methoxy -5 -hydroxy - 
and 2,5-dimethoxyacetophenones were investigated in solution in water, ethanol, dichloroethane, hexane and 
dioxane, in aqueous and ethanolic solutions of caustic alkali, and in concentrated sulfuric acid, 

2. The absorption spectra of 2.5-dihydroxyacetophenone and of its methyl ethers were a complex and cor- 
respond to an absorption made up of separate conjugation of the carbonyl group and of the hydroxy and methoxy 
groups in the 2 and 5 positions with the benzene ring. 

3. These 1,2 and 1,5 conjugations ate fairly stable and persist in different solvents and in presence of 
aqueous and ethanolic solution of caustic alkali and in solutions in concentrated sulfuric acid. 

4. The conjugation is only partly suppressed in caustic alkali solutions and the latter lead to develop- 
ment of a new conjugation of the para -hydroxyls with the benzene ring, while concentrated sulfuric acid 
gives rise to an additional conjugation corresponding to acetophenone in concentrated sulfuric acid. 

5. The presence of a hydrogen bond between the oxygen of the carbonyl group and the hydroxyl in the 
2 position was established in 2.5-dihydroxyacetophenone. 
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ENTHALPIES OF FORMATION OF COMPOUNDS OF ZINC WITH ANTIMONT 


S. A. Shchukarev. M. P. Morozova and Yu. P. Sapozhnikov 

A number of authors [1, 2] have investigated the system zinc -antimony by various methods of physico- 
chemical analysis. The existence of three separate compounds, ZnSb. Zn^Sb^ and ZnsSbj, has been esta 
lished in this system. The last compound corresponds to the highest melting point. 

Oelsen and Middel [3] obtained the enthalpy of formation of ZnSb by the method of direct determina- 
tion of the heat of mixing of the two metals. The value found was -3.6 kcal/mole. 

We prepared the compounds ZnSb and ZnaSbj by prolonged fusion of the components taken in the ap- 
propriate stoichiometric ratio. Fusion was performed in a qua<rtz test tube in an atmosphere of pure argon 
at a temperature up to 900“ with frequent shaking. The alloys were cooled in the furnace for 8-10 hours. 

Chemically pure metals, tested by spectroscopic analysis, were utilized for preparation of the alloy. 
Analysis of the prepared alloys showed that the original composition is substantially unchanged by melt- 
ing. The lines of the. free components were not detected on the x -ray diagrams if the alloys were held 
at high temperature for a sufficiently long period (8-10 hours). The x-ray diagrams of both products re- 
flected the individuality of their structures. 

Tne enthalpies of formation of both compounds were found by calorimetric determination of their 
enthalpies of reaction with hydrochloric acid. As in the case of determination of the enthalpies of forma- 
tion of MgsSbj [4] and LijSb [5], the hydrochloric acid for the calorimetric experiments was first reacted 
with a small amount of the preparation under investigation, so that it contained highly dispersed metal- 
lic antimony in suspension. In the present case stibine was not formed in appreciable amount (metallic 
antimony catalyzes its decomposition) and the reaction of the preparation with hydrochloric acid proceeds 
quantitatively according to the equations: 

ZnsSbjcryst. + S’^^^aq " ^^n^^saq + 2Sbc|.yst. + SH^gas^ 

ZnSbcryst. + 2HClaq = ZnClaaq + Sbqryst. + Hjgas. 

The procedure for the calorimetric experiments has already been described [5]. All the measure- 
ments were performed at 25°. 

The enthalpies of formation of ZnSb and ZnaSb^ were found as the difference between the en- 
thalpy of reaction of metallic zinc with the acid and the enthalpy of the reaction with acid of the com- 

The value found for the enthalpy of reaction of zinc with hydrochloric acid was -38.9 kcal/g-atom. 
The compound ZnjSba reacts rapidly with hydrochloric acid: t he main stage of the calorimetric experi- 
ment is completed in 15-20 minutes. The enthalpy values found in three successive experiments were 
-68.0, -68.4 and -69.7 kcal/mole, giving a mean value of -68.7 * 0.7 kcal/ mole. Deducting the above 
value for the enthalpy of solution of zinc (-38.9 kcal/g-atom) we obtain for the enthalpy of formation 
of ZnaSbj the value of -48.0 * 1.3 kcal/mole. 

^^”ctyst. ^®*’cryst. = ^’^s^'^cryst. ^ 

The compound of Zn with Sb corresponding to the formula ZnSb reacts very much more slowly with 
hydrochloiic acid, so that the main stage of the calorimetric experiment is prolonged and its accuracy is 
decreased. 
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n based on four successive experiments 


hence the enthalpy of formation of ZnSb is -1 


n of ZnSb and Zn^Sb, differ very considerably 


chemical data characterizing intermetallic compounds has actually been obtained Dy 
of the heat of mixing, and this renders them very untrustworthy. 

The Uterature data for the enthalpies of formation of antimony compounds of zinc and cadmmm^ as 
obtait ed by different authors, differ very widely. Blitz and Haase [7] found values of^ndj kca Vm 
for the entLlpies of formation of CdSb and Gd3Sb,. while the corresponding ° 

[8] were -3.25 and -7.83 kcal/mole. The enthalpies of formation of the oxide . 

zinc and cadmium, also of their salts with oxygen -containing acids, etc., are all of the „am 

From this stan.dpoint it is of interest to obtain more accurate values of the enthalpies 
of CdSb and CdsSbj; it requites to be estabUshed whether the values found for them ate the of ex 

per;meLl erron or whetLr the laws of change of magnitude of the enthalpies of formation of sa -hke 
and intermetallic compounds in one and the same subgroup of the periodic system can indeed so 


and intermetallic compounds in one and the same subgroup ot me petioaic systoui -au 
fetent. 

DehUnget [9] indicated in 1953 that when an intermetalUc system is formed by two metals differ - 
ine in chemical character, the maximum of the heats of formation (pet mean gram-atom) will lie 
tlie compound corresponding to the normal valences of the components: on both sides of this peak the h . 
of formation change Unearly with the composition. DehUnger thinks this behavior is due to the chang- 
ing contribution of the bonds to the ionic character with change of composition. We suspect *is 
linear dependence may be amenable to a more general interpretation not involving any hypothesis about 
the character of the bond, which cannot always be at all rejiably determined. 

In a compound whose formula corresponds to the normal valences of both metals, all the bonds 
that can be formed by their atoms ate saturated with atoms of the second component, i.e. the lattice is 
substantially held together by hereto bonds (bonds between atoms of different elements). Ie the case of 
the above-mentioned change of composition, bonds between atoms of different elements are prefent as 
well as bonds between atoms of the same element, i.e. the same bonds as in simple substanxe^ 

If we assume to a first approximation that die energy of these bonds is the same as in the. correspond' 
ing atoms, they would not make an appreciable contribution to the value of the enthalpy of formation 
of the compound. 

If this assumption is correct, then, in the case of ZngSbj and ZnSb. the enthalpy of formation of 
the second compound should be about 1/3 of that of ZnsSbj. (In Zn^Sb^ all 6 valence electrons of the 
two atoms of antimony are linked to zinc atoms, whereas in ZnSb only two electrons of the antimony 
atom can form such bonds.) Actually . 1/3 of the AH of formation of ZnsSb^ amounts to -16.0 kcaL 
while the AH of formation of ZnSb, as determined experimentally, is -17.8 ± 2.5 kcal. The mutual 
influence of the bonds must of course lead inevitably to a mote complex dependence of the enthalpy of 
formation on the composition. In teal systems we can expect only a mote ot less tough approximation 
to the dependence discussed above, whereas in the system Zn-Sb the dependence is quite pronounced. 

Thus, when the maximum of the enthalpy of formation corresponds to the compounds with normal 
valences, the enthalpie.s of formation of other compounds of the same elements must be clo-se to the 
enthalpies of formation of mixtures of tihis most stable compound with the corresponding element. This 
similarity between the enthalpie.s of formation of individual compounds and mixtures of elements with 
other compounds in a system of two metals is perhaps one of the causes of the frequently observed large 
number of thermodynamically stable compounds in intermetalUc systems. 


In. nonmetahmetal systems the transition from one compound to another is usually as.sociated with 
a fairly sharp change in the nature of the chemical bond, with the development of new valence states 
which place some of the possible compounds energetically in an especially favorable position and ex.- 
clude other forms which cannot compete energetically with the former. In intermetallic systems, on 
the other hand, the valence states of the components evidently do not change appreciably with change 
of composition of the compound, and the nature of the chemical bond does not change sharply with com- 
position. 

A second cause of the plentifulness of thermodynamically stable forms in intermetallic compounds 
is their existence, like the metals themselves, in the crystalline state, so that the difference between the 
entropies of any one compound and a mixture of this compound with the corresponding element is small. 
At the same time a factor that results in thermodynamic instability of. for example, many higher oxides, 
haUdes and nitrides is absent; that factor is their decomposition into a compound of lower state and a 
volatile nonmetal, the process being accompanied by a considerable rise in entropy. Now this energetic 
and enttopic comparability of intermetallic compounds and their mixtures, and also of their mixtures with 
atoms, is possibly one of the causes of the great influence of temperature upon the number of stable forms 
of compounds which is actually encountered among intermetallic compounds. 

The same factor is also partly responsible for those profound differences between the properties of 
quenched and tempered alloys which are so frequently utilized in practice. Unfortunately, as observed 
above, we still lack adequate and reliable thermodynamic data for intermetallic systems. This hinders 
their systematization and generalization. 

Still mote limited is our knowledge of the values of the entropies of intermetallic compounds. 

SUMMARY 

1. The enthalpies of formation of ZnSb and ZnjSbj were determined; they are respectively -17.8 ± 
± 2.5 and -48.0 ± 1.3 kcal/mole. 

2. A number of possible causes are discussed for the frequently observed abundance of thermody- 
namically stable forms in systems metal-metal in comparison with systems metal-nonmetal. 
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FORMATION OF SULFIDES BY REACTION OF FERROUS SULFIDE WITH 


O XIDES OF METALS 

II. REACTION OF FeS WITH SiOj IN PRESENCE OF CARBON 
Zh. L. Vert and M. V. Kamentsev 


It was previously shown [1, 2] that reaction between FeS, SiOj and C leads to formation of silicon 
monosulfide according to the equation: 

SiOj + FeS + 2C = SiS + Fe + 2CO. (1) 

The reaction, which was investigated up to 1600", starts in the temperature range of 1X00 - 
1300” C and proceeds intensively at 1460” with vigorous evolution of volaule products. The metallic 
iron formed during the reaction faciUtates the reduction of siUca according to the equauoa: 

SiOt + Fe + 2C = FeSi + 2CO. 

Formation of ferrosilicon was observed at 1500” [1]. 

Even when the charge contained a considerable excess of FeS. formation of siUcon disulfide was 
not observed according to the possible equation: 

SiOi + 2FeS + 2C = SiS* + 2Fe + 2CO. (3) 

On the other hand, reaction of siUca with aluminum sulfide [3] proceeds according to the equa- 

tion: 

2A1*S, + SSiOj = 2AI2O3 + 3SiS2. 

Silicon monosulfide is formed simultaneously if the reaction is performed in a graphite crucible [1], 
evidently according to the equation: 

3SiO, + A]*S, + 3C = AljO, + 3SiS + SCO. (5) 

The possibility of formation of SiS* by reaction of SiO* with FeS has not previously been estabUshed. 

With the objective of approximate evaluation of the thermodynamic constants of the siUcon sul- 
fides. we appUed the same method as in the preceding communication [4], The following were taken as 
starting data [5]; 

(AHjssjsiSj ■ kcal / mole; m.p. 1363” K and 63^5^ 2.02 g/cm’. 

On the basis of the rule of additivity of the entropies of soUd compounds [6], the entropy of SiS may 
be assumed to be 8.0 e.u. (entropy units) lower than the value for SiS*. Here 8.0 is the mean entropy of 
the sulfur atom, calculated from the entropies of ten different sulfides. The values of AH and S of the 
silicon sulfides taken for the calculations are set forth in Table 1. 

At high temperatures a part of the components of Reactions (1) to (5) is in the liquid state and part 
is in the gaseous state. For calculation of the heat of fusion of the substances, which are not given m 
thermodynamic tables, a value of 7.3 kcal/inole was taken, and the hears of vapor formation were cal- 
culated according to the Truton rule. 
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TABLE 1 

Values ofrtiermodynamlc Constants of SlliconSulficles 
Taken 


Sulfide 

AH,j, 

(cal/mole) 

S,„(e.u.) 

SiS 

-28900 

10.55 

SiS, 

-39000 

18.55 



Fig. 1. Change in free energy ofReactions 1,2, 3, 4, 5, 
6,7 (nuiribered as per text). 


The change of free energy with temperature of the 
reactions enumerated is plotted in Fig. 1 (the wmbers 
attached to the plots correspond to the numbers assigned 
to the reactions in the text). In addition, the dependence 
of on T is shown for the possible secondary reaction. 

oc=5 X r = r.S. + 2Fe. (6) 


and for the reaction in absence of carbon: 

SiOj + 2FeS = SiS* + 2FeO. P) 

On the basis of the results of the approximate cal- 
culations, the following qualitative conclusions can be 
drawn. In the reaction between SiOj and ferrous sulfide 
in presence of carbon, silicon monosulfide is first formed. 
In the same temperature interval the accumulation of 
metalUc iron in the sphere of reaction leads to initiation 
of the parallel formation of ferrosillcon. With further 
rise of temperature this process is accompanied, starting 
from 1850-1900* (1600° C), by formation of SiS^. By 
contrast, in the interaction of SiQj with AI4O3 the ex- 
change reaction associated with evolution of SiSj pro- 
ceeds in a lower temperature region than the formation 
of SiS. Reactions (6) and (7) ate thermodynamically 
impossible under the reaction conditions. 


EXPERIMENTAL 


In order to investigate the reaction of siUcon dioxide with FeS. two mixtures were prepared which cor- 
responded to the component ratios in Reactlons(|)and (3). Their chemical compositions, accounting for ad- 
minures, ate given in Table 2. The quartz sand used in the experiment had the following chemical composi- 
tion (in ‘7c)i SiO, 98.62, Al^Oj 0.85, Fejpa 0.10, moisture 0.11; the characteristics of the FeS and petroleum 
coke used, are given in [4). In both cases a 25-30SS; excess of carbon was used with respect to the amount neces- 
sary for the basic reaction and for binding the oxygen of FeO and AljO,. 


TABLE 2 

Composition of Initial Mixtures 



Molecular.ratlos.and 'welght I 0 

Mixture 

S-.0. 

FcS j 

C 

Fo 

d 

AI,0, 1 

Vola- 

tiles 


29.90 

43.77 

16.75 

'4.29 

4.08 

0.12 1 

1.09 

' -I 

1.00 

1.00 

2.80 

0.15 

0.11 

0.002 

— . 

.1 1 

19.66 

57.54 

10.91 

5.63 

5.36 

0.16 

0.74 

1.00 

2.00 

2.78 

0.31 

0.23 

0.005 



The method of investigation was not different from that described previously [4]. The experimental 
conditions precluded the possibility that the carbon in the charge might be oxidized by atmospheric oxygen, 
and this was confirmed by suitable experiments. After the experiment was performed, the residue in the crucible 
was analyzed for content of Si + SiOj, boric acid decomposables and in certain cases, iron. The content of SiS 
and SiSj in the volatiUzed products was calculated by loss of sulfide sulfur and siUcon. 
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Treatment of the reaction product with boric acid solution showed the presence of decomposable sulfides. 
Their quantity in all the experiments was very minute (up to 3'7o of the initial sulfide content of the sample). 
Calculation indicated that the decomposable sulfide was in the form of SiS which, due to various reasons, re- 
mained in the reaction mixture; we therefore made a correction in the quantity of silicon dioxide that entered 
the reaction. To the Si02 loss, determined by chemical analysis, was added a quantity of SIO, which corresponded 
to the SiS content of the residue. (The weight of an equivalent amount of CO was accounted for in the calcula- 
tion). 

The difference between the total weight loss and the total weight of the volatilized SiS, SiS, and the 
corresponding quantity of CO, characterized the degree of completeness of Reaction (2). The latter factor enabled 
the determination of how much of the siUcon remaining in the charge was bound with oxygen in the form of SiO, 
and how much with iron in the form of FeSi. The dUcrepancey in the siUcon balance did not exceed Vfo with this 
method of calculation. 

It is further necessary to consider the possibility of sulfide sulfur losses, not related to the formation of 
SiS and SiS,. At high temperature, vaporization of FeS, and dissociation of FeS and the formation of carbon 
bisulfide according to Reaction (6) may occur. The thermodynamic probability of the latter reaction taking 
place, as the data of Figure 1 show, is minute. 

The Utetatute [7] gives data for the dissociation 
pressure of FeS up to 1400° K, calculated bn the basis 
of experimental data [8], from which it is evident that 
with increased temperature, change of the vapor pressure 
of sulfur decreases. Moreover, in our experiments, FeS 
proved to be a mixed fusion component, which greatly 
decreased its activity, and, therefore, its dissociation 
pressure. Several special experiments at 1600-1800* C, 
performed with a mixture containing a large FeS (SiO,: 

: FeS = 1 : 3.3) content did not give a marked increase in 
the sulfide sulfur loss with respect to the experimental 
results obtained with Mixture II. Vaporization of FeS 
should be accompanied not only by sulfur loss but also 
Fig. 2. U)ss in weight of reaction mixture upon heat- ^ corresponding decrease in iron content, 
ing. 1) SiO, : FeS = 1 : 1; 2) SiOi : FeS = 1 : 2. 

However, analyses showed that within the margin 
of experimental error, the iron content of the reaction 
product corresponded to the initial quantity. All this enables us to assume that the sulfide sulfur loss is caused 
by the formation of volatile silicon sulfides. 



im 1600 , 1800 


The experimental results from experiments in which the charge contained a molar ratio SiC^ : FeS = 1:1, 
ate given in Figures 2 and 3. The curve of weight loss of the samples with respect to temperature sharply rises, 
starting from ~1430* C. When this temperature is reached, fumes escape through the graphite pores of the crucible 
and partially precipitate on the cold portion of the angular tube of the Tamman furnace and partially escape 
through ihe opening in the stopper, forming a white deposit on its inner surface. The temperature measurements 
were sometimes hindered, but most of the volatile products exited by the upper part of the tube, enabling us to 
view the thread of the pyrometer through the opening of the spring washer on the middle of the crucible. The 
evolution of white fumes In the experiments performed above 1440° C, continued for 35-40 minutes, and then 
the reaction quieted (in all the experiments, the charge was kept at the given temperature for 1 hour). The 
curve of weight loss of the charge above 1500° C is almost horizontal and shows a sUght rise only at 1800°. 

The curve of the variation of the yield of SiS with respect to temperature (Figure 3) also has the same 
form as the above curve; there is a sharp jump in this curve above 1410° C. When the temperature Is further 
raised from 1500 to 1800°, the yield of SiS increases more slowly. This is due to the fact that a part of the 
SiOi reacts according to Reaction (2) with the formation of FeSi and the further formation of SiS proceeds ac- 
cording to reaction; 

FeSi + FeS = SiS + 2Fe.- (8) 
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The formation of ferrosilicon was noted, starting from 1400° C. Its content in the reaction products in 
this series of experiments, reached a maximum at 1440°, after which is gradually decreased and fell to zero 
approximately at 1850-1900° C. 

Heating of the charge at 1800° caused the loss of ferrous sulfide (in moles) exceeding the quantity of 
SiOj lost. Ptobabiy, a small quantity of SiS, formed at this point. 

The data obtained in experiments with Mixture II (310^: FeS = 1 : 2) , are given in Figures 2 and 4. As 
in the first series of experiments, heating of the reaction mixture to 1420-1440°C caused the evolution of white 
fumes. The weight of the charge sharply decreased in this temperature interval. 

The yield of SiS up to 1600° C was the same in both series of experiments. The excess of FeS did not 
affect the formation temperature of the monosulfide. Starting from 1620°C, the yield of SiS fell due to the 
formation of SiSj, the content of which was quite considerable in the volatilized products at 1700-1800°. 

® The region in which ferrosilicon was present proved 

Comparison of Calculated and Experimental Formation ^ independent of the concentration of ferrous sui- 


Temperatures of Compounds in the System SiO^-FeS- 


fide: FeSi started to form at about 1400° and practical- 
ly disappeared at 1900° due to the course of Reaction 
(8). It must be noted that the completeness and rate 
of the latter process, apart from concentration, depends 
in great degree on the contact conditions of the two 
liquid layers - that of the metallic fusion and the sul- 
fide slag. 

With respect to out thermodynamic calculations 
for the system SiC^-FeS-C, at a sufficiently high 
temperature, fdrmatioti of SfS with SiS, , we found 
IS possible. In Table 3. a comparison of the calculated and experimental formation temperatures of FeSi, SiS 
and SiS, is presented. (By formation temperature, we mean the temperature at which the A# of the reaction is 
equal to zero; by the experimental temperature, we mean the region of sharp rise of the curve of the yield of 
the corresponding component). The value for FeSi is calculated for the case of the presence of free iron in the 
initial mixture. 

Taking into consideration the approximate character of the calculations, the agreement between the re- 
sults may be considered completely satisfactory. 


Compound 

1 Formation temperature 

calculated 

experimental 

FeSi 

1340° 

1400-1420° 

SiS 

1455 

1420-1450 

SiS, 

1610 

1650-1700 
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SUMMARY 


1. The reaction between SiO, and FeS in presence of carbon commences at about 1100° C. Start- 
ing from 1450°, the reaction goes violently and is accompanied by evolution of the volatile sulfide SiS 
regardless of the FeS; SiO, ratio. 

2. It is shown that at sufficiently high temperature (above 1600°), SiS, is formed at the same 
time as SiS. The results of experiments in this direction confirmed the preliminary thermodynamic cal- 
culations. 

3. Commencing from 1400° C, reduction of SiO, to metal is observed in presence of iron with 
formation of FeSi. At a temperature above 1500° C, in presence of ferrous sulfide, the silicide decomposes 
with formation of silicon sulfide. 
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HYDROLYSIS, OF SALTS 

I. PERCHLORATES OF ELEMENTS OF /THE SECOND GROUP^F THE PERIODIC SYSTEM 
L. S. Lilich and M. E. Mogilev 


If solutions are regarded from the standpoint of D. I. Mendeleev (as chemical systems formed by inter- 
action of solvent with dissolved substance [1]), we should expect solution to be accompanied by a change in 
a number of properties not only of the dissolved substance but also of the solvent. The studies of A. Wemer [2] 
on aquo- and anhydro acids and bases point at a possible change in the solvent, in particular water, due to dis - 
solution of electrolytes and some complex compounds. 

Developing the ideas of A. Werner and L. A. Chugaev, A. A. Grinberg [3] and his co-workers succeeded 
in estafelithiag a relation between the electrostatic and polarizing property of components and the properties 
of the so Ivo -acids and bases formed. 

In the present investigation an attempt is made to establish, in the light of the periodic law, a relation 
between the properties of aquo-acids (in the first instance, their strength) formed by hydration of some ions 
and their chemical composition. The ideas governing our work in this direction ate those stated by D. I. 
Mendeleev about the periodic law as a universal law of chemistry [1, 4] and its significance for solutions. To 
quote his words [5]: 

"It seems to me, although certainly not yet proven, that for the study of properties of even such com- 
plex substances as solutions by comparison of the change of properties with change of equivalent or particle 
weights, we must have an orderly system of complex substances similar to that available for elements on the 
basis of their atomic weights.? 

As the first stage in our program of investigation we have studied the hydrolysis of perchlorates of 
elements of the second group of the periodic system. We chose perchlorates because the CIO4' ion possesses 
only a very slight tendency to complex formation [6], and in the present case complex formation would have 
complicated the problem. Other advantages of perchlorates of elements of the second periodic group are the 
constant valence of the cation (excluding mercury), their high solubility, and the absence of precipitate from 
the solutions. 

As Lhe main criterion of the strength of the aquo-acids formed, we took the change of activity of the 
hydrogen ions in the solutions examined. In this connection we assumed that the scheme of dissociation of 
these acids proposed by A. Werner is perfectly adequate. 

Many studies on hydrolysis of salts have appeared in the literature; there are, however, hardly any 
systematic investigations with selected ions over a wide concentration range. The most interesting for out 
purposes was the paper of Reiff [7] in which the author attempts to correlate the phenomena of hydrolysis of 
some hydrated ions with their ionization potential. Although the author appreciated the importance of the 
problem, he did not pay sufficient attention to the role of anions, due to which some of his corsclusioES call 
for revision. 

Cupr and co-workers [8, 9, 10] made a study of the hydrolysis of perchlorates; however, these authors 
did not systematize their results. Some workers have studied the hydrolysis constants, but the value of their 
results is limited by the narrow interval of concentrations, which is bound up with the previously proposed 
reaction mechanism. 


331 



EXPERIMENTAL 

The perchlorates of the cations which we studied Yu. Karyakin 

with the corresponding oxides or hydroxides. The °ric ^ ^ Solution of the - 

described [U]. and the oxides and corresponding hydrox „jchloric^acid. The solution with the pte - 

oxides (hydroxides) was carried out in the presence of a ^efici P j pre- 
cipitate was evaporated down almost to dryness in a porcelain cup and traces y 

cipitated due to the presence of the alkaline medium. 

After dilution with water, the solution was filtered th.rough a soi “ an^ Fe-' C ga:e 

weakly acidified with perchloric acid. ^ ®iJed by 3 -fold recrystallization, (upon sepata- 

negative reactions. From this filtrate, the P®'^ - Buchner funnel in the course of several 

tion of the crystals from the mother liquor, it was sucked tnrougn 

„.cw=,... ... h....ng .» • 

aggjMd.. Id ... o.»., .d. .... ‘V 

chte... ... p..p...d b, *. ...dUon »f . 1 ". •”»*» ‘“S' “ .t 7 br»r«cU of ,.c..«.-dl..lll.d 

of ou» b..ldm poioblo...., .od p..chlo..» (B. «. P'.P* .H bf »» ““““ 

mercuric Chloride Cil) With silver perchlorate (reciystallized several times). 

As a result of the work, it was clear that the general method which we selected for preparing t e per 
chlorates was quite satisfactory for our purposes. 

Tb. p„ ... »...«.d b, . gf... .......d.. p«p...d <..» M.. 

[12]. Calibration was carried out with the aid of buffet mixtures i p account the average 

0 » i tr. M...u..n,e».. .... Uten -Bb .b. .Id of . pofoodom...., Vf ""77" ,* 7 ^.. 
o...„o„d ...puff., .bfob -g,..- 

?r:7ro::f5r “ .rbbi^ f, . 1 . . b.../ .. -.d «... 

than 0.2 mV. 

- Bgd« 7 ..b..; - 773 - 

r.?foBoir'~ ;s.t ;i, .ob..fd.d «. d..., .. 3 ..., 

there was good agreement with the data of Reiff [7], who in determining the hydrogen ion ^ 

: ! the e J t (in the presence of diffusion potential) as well as by a polarization metho^ came to the co. 
clLor. that' even in concentrated solutions there is a satisfactory agreement in result,. 
sidered that for the given problem of comparing pH magnitudes withrespect to so utioris 

nf rhP more concentrated Analysis of the initial substances and the initial solutions was performed only on 
the cation The analysis was performed according to the methods described by Gillebrant and Lendel [14]: 

Be - by tile method of weighing the oxide, Mg - by the pyrophosphate method. Ca- by the permanganate 
method! Sr and Ba -by the sulfam method, Zn-by the ferrocyanide method. Cd-by weighing the sulfate.aad 
Hg-by the thiocyanate method. 

our resulting measuremer^ts are given in Figure 1 and in Tables 1 and 2. from whij it is fim of all 
evident in all cases that as the concentration of the perchlorates mcreases, the acidity of the^solutions m.- 
ZTs In some cases, as for example, mercury perchlorate, it reached the magnitude characteristic of 
strong acid solutions. This, undoubtedly, is of interest from the theoretical as well as the practical standpoint. 

All exposition of the reasons for the increased acidity, in our opinion, is very difficult since along with 
nhe increase of concentration of the centers that act on the ever decreasing quantity of water molecules, upon 
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increase of the salt concentration, a whole series of complex reactions takes place which lead to polymeriza- 
tion of the cations [15, 16], complex -formation, change of coordination number etc. 

pH 



Fig. 1. Variation of pH of solutions of perchlorates of Be, Mg, Zn. Cd, Hg, Ca, Sr. and 
Ba with respect to concentration. 1) BafClO^) y 2) Sr(C 104 )ii 3) Ca(C 104 ) 2 ; 4) Mg(C 104 )j: 
5) Cd(C104),: 6 ) Be(Clb 4 )j: 7) Zn(C104)8. 8 ) Kg(C104),. 


pH 



Fig. 2. Variation of pH of perchlorate solution with the Fig. 3. Variation of the hydration energy (L) and the 
atomic number of the element. 1 ) molarity 0 . 2 ; 2 ) ionization potential ( 2 1 ) with the atomic number of 
molarity 1 . 0 . the element. 


It is especially interesting to compare the acidity of equimolar solutions, since, according to A. Werner, 
these magnitudes have a great effect on the degree of interaction between the dissolved substance with the sol- 
vent. Figure 2 gives these magnitudes as a function of the atomic number of the cation. The curves obtained 
are quite similar to those of ionization potentials of elements and heats of hydration of cations [17] (Fig. 3). 
This similarity is most pronounced in the regular course of the curves for alkali earth elements and the irregular 
course of the curves upon inspection of the subgroup Be, Mg, Zn, Cd, and Hg. 
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0.00217 

0.0183 

0.0726 

0.135. 

0.251 

0.594 

1.00 


0.0430 

0.392 

0.667 


0.101 

0.137 

0.263 

0.520 


0.0155 

0.0444 

0.204 

0.461 

0.946 

1.47 

3.67 


0.000311 

0.00117 

0.00172 

0.0045 

0;0187 

0.0458 


2.40 

2.22 

2.04 


The assertion of certain authors [18] that for normally dissociated zinc, cadmium and mercury salts, 
hydrolysis is greater in passing from zinc to mercury, is incorrect. 

The curves showing the sum of the ionization potentials, heats of hydration and pH of solutions of in- 
vestigated elements, clearly indicate the phenomenon of secondary periodicity, first noted by E. V. Blron 
[4, 19-22]. This curious fact of the similarity of the above curves primarily indicates that the degree of de- 
formation of the water molecules primarily depends on the ionization potential of the cation to which the 
water molecule attaches itself, thereby lessening the Internal energy of the former. As we know, the similarity 
between ionization potentials and heats of hydraUon was noted also by Bernal [23]. The absence of complete 
paralleUsm, undoubtedly indicates the mote complex nature of the described phenomena and their dependence 
on other magnitudes relating to the ionic radius, the effective nuclear charge and the structure of the atom. 

The considerable change in the water molecules, as a result of solution of the cited salts, is reflected 
in the properties and energetics of the solvent and the solute, making it necessary to take these factors into 
consideration when studying the properties of these substances. 

SUMMARY 

1. The acidity of aqueous solutions of perchlorates of cations of the second group of the periodic system 
of elements rises with increasing concentration. 

2. The acidity of equimolar solutions of perchlorates of the investigated cations changes in parallel 
with the change of their ionization potential, due to which the development of secondary periodicity (closely 
associated with the ionization potential) is also manifested in the hydrolysis of these salts. 
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3. The phenomena described above can be explai.ned by the concept of aquo -acids which ate formed 
by hydration of the ions. 
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HYDROLYSIS OF SALTS 


II. HALIDES OF ZINC, CADMIUM AND MERCURY 
L. S. Lilich and Yu. S. Varshavsky 


In the preceding communication [1], which dealt with the hydrolysis of perchlorates of elements 
of the second group of the periodic system, attention was drawn to a relation between the ionization 
potential of the elements and the acidity of their perchlorate solutions. It was also pointed out that per- 
chlorates were actually selected deUbetately for the investigation in order to rule out the influence of 
complex formation on the hydrolysis of those salts. For theory and practice, however, no less interest 
is attached to the study of the influence of anions upon the hydrolysis of salts; in the present investiga - 
tion we have therefore attempted to clarify the influence of anions of haUdes of the same Group II ele- 
ments. which ate characterized by interaction with the anions in question (Hg, Cd and Zn). 

Anions of halides are also convenient objects for study in that they permit a correlation of hydrolysis 
with the periodic law not only in regard to cations, as was already done [1], but also in regard to anions. 
Special attention is given here to the hydrolysis of zinc salts because the behavior of zinc toward halide 
ions has not previously been fully clarified, and the solubility of its salts enables an investigation to be 
undertaken over a wider range than for the other two ions. 

A systematic study of these salts ( also of perchlorates) has been made by Reiff [2]. This 
author, however, drew some faulty conclusions from his work due to erroneous concepts of the influence 
of anions. 

EXPERIMENTAL 

The method of determining hydrogen ion activity was described previously [j.]. 

Zinc chloride was prepared by two methods: by vacuum -distillation of chemically pure ZnCi* 

[3] and the method described by Yu. V. Karyakin [4]. Zinc bromide was prepared by dissolving chemical- 
ly pure zinc oxide in hydrobromic acid [5]. Zinc iodide was prepared by the method described by Yu. V. 
Karyakin [4]. Zinc nitrate was purified by 3 -fold recrystalUzation of the chemically pure compound. 

Cadmium chloride was prepared from cadmium carbonate which in its turn, was prepared from 
cadmium sulfate by precipitation with hydrogen sulfide, solution of the sulfide with hydrochloric acid, 
and finally, by precipitation of CdCO, by means of (NH«)zCO,. After the compound was dried, cadniium 
chloride was vacuum -distilled (1 m.m at 700°). Cadmium bromide was prepared by the same method and 
was purified by vacuum -distillation. 

Cadmium iodide was purified by repeated lecrystallization of the chemically pure compound, since 
it showed signs of decomposition during distillation. 

Mercuric chloride (II) and bromides (II) of mercury were prepared from mercuric oxide of analytical 
grade by solution in chemically pure hydrochloric or hydrobromic acids; after drying over PjOg, the resulting 
crystals were vacuum -distilled in the same manner as cadmium chloride. The mercuric iodide (U) used was 
of analytical grade. 

Analyses of all salts other than nitrates were performed for the cation and anion. The results agreed 
with the stoichiometric ratios within the range of experimental error. The halogen ion was determined by 
potentiometric titration by means of Hg^fHOs)*, and the iodine - by means of AgNO, by the method that 
Koltgof described [6]. The cations were determined in the same manner as in the preceding work [1]. 
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1 which elve the variation of 

Our results are given in Figures 1-5 and in Tables 1-3. as their concentration In- 

the pH for the above salts with respect to their elements, increases. A similar 

creases, the acidity of the perchlorate as we a probably, the same as was given pte- 

phenomenon was noted by E. Newbery [8]. The explanation of this is. pro y, 

Figures 1-3 show that in all three cases, the beuff of 

more acid^reaction. at comparable concentrations, than the is erroneous, since 

various authors [7] that the acid reaction of the zinc ^ ^ the halides. Similar phenomena 

in the case of the perchlorates there is a more acid reaction than in 
were noted in cases with aluminum [9), iron [10} etc. 


pH 



Fig. 1. Variation of pH with concentration for ZnCl* (1). ZnBt, (2). 
Znij (3), Z,n{NO,)* (4). ZnfClO*)* (5). 

pH 





' DMiasa ts tr 


Fig. 2. Variation of pH with concentration for Cdlj (1), CdBr* (2), 

CdCl* (3). Cd(C104)* (4). 

We beUeve that Werner's theory accounts for the above fact since the anion that attaches i^elf to the 
•1 ffprtc The charse of the latter, thus greatly altering the strength of the bond between the 
central Ion primarHy affect chjge .phe degree of deforma- 

complex ion and^t ® thus altered, i.e the strength of the aquo-acid. The explanation of the effect 

of°Sif anion and the concentration given by Relff [2]. seems incorrect to us. since it contradicts the statements 
o Werner [11] on aquo-acids. although Relff himself bases his argument Werner s theory. 




I 



pH 



Fig. 3. Variation of pH with concentration for Hgl, (1), HgBr, (2), 
HgClj (3). Hg(C104)2 (4). 



Measurement of pH by hydrogen electrode. 
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Fig. 4. Variation of . 10-= with m for ZnfNp,),. Fig. 5. Variation of • 10» with m for zinc halides, 

of the solvent trjtt'rer;o']v 

stabiLv of 1 bnnd K r Z T' between the 

medium The lauer t c'lra " "^7 *°" ““Wlity of the complex as such in the given 

.. —■ “ • '“““» ”■ »■' 

.ypio.. co„pp,x-,o,„™ .„, j, x/.;; :x“„''p‘A‘.Tr''‘‘“ ‘*“““ 

, .e con^ie^i^r^Z:;" - - constant of 

variation in the acidity of the corresponding ^ - 

of the an?o'n [SjTlatd^f o7 

interaction of the properties of the system under examination. " “ determined by the total 

complexity of the phMrm°eM'^wkiTXc'^ i^solutir^ represents the full 

number of facts related to the solu^: -^^--rily explains a 

nitrate differ greatly in acidity from solutions of the perchlorate fFire 

by side with complex-fc.mation, the acidity is deteri^ned bv still f" ‘“dicates that side 

nature of the anion as well as the cation fthe Nn ' t, ^ ^ dependent on the 

has the CIO4 ion) [13]. It must be noted that thet*e is a sharn 'cadency towards complex -formation than 

the haUdes of mercury and cadmium (starting from the low^ solutions of 

.1.1, Z1.C P.Ud.., S» fn'r, Udh r •‘•pepipgypon ft. .«.„. b„ 

For zinc nitrate, this expression takes the following form: ’ 10* = 6.67 m (Fig. 5). 

Simllarexpresslons were also derived by other authors [14-16]. ' 

SUMMARY 

1. Ih. .Old,., o, 

or ft. .L.'rr,rj 

ftis is complcK foimaiioR of ft. cadons with haiog.ns, otataa. One of the main causes of 
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3. Individual comparison of the acidity of equimolar solutions or halides of zinc, cadmium and 
mercury established a parallelism between the stability of the complex formed between the cation and the 
respective anion and the acidity of the corresponding solution. Increase in the stability of the complex 
leads to fall in acidity, and this "reversal of the stability series" is also reflected in the hydrolysis of the 
salts that we investigated. 
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DIPOLE MOMENTS OF SOME COMPLEX COMPOUNDS OF TITANIU; 


AND TIN TETRACHLORIDES. VII 
O. A. Osipov 


The dipole moment is enormously important, as a quantitative characteristic of the polarity of a mole •• 
cule, for determination of spatial structure and for clarification of the nature of the chemical bond and the 
mutual influence of atoms. 

In the chemistry of complex compounds the determination of dipole moments not only permits the 
establishment of the spatial structure of the complex as a whole but also the spatial distribution of the sub- 
stituents. The literature data on the dipole moments of complex compounds have been collected and sys- 
tematized in the publication of I. A. Sheka [1]. Somewhat earlier, a review paper devoted to the dipole 
moments of inorganic compounds have been collected and systematized in the publication of I. A. Sheka 

[1] , Somewhat earlier, a review paper devoted to the dipole moments of inorganic compounds was published 

[2] . Very few papers have been published on measurements of dipole moments of complex compounds. Most 
of these relate to complex compounds of halides of titanium and tin. 

Investigation of complex compounds of halides of elements of Group IV of the periodic system with 
various organic and inorganic addends is not merely of theoretical interest, since it can have practical value 
in organic synthesis. We know, for example, that the catalytic action of TiCl4 and SnCl4 in polymerization 
reactions is due to the formation of intermediate complex compounds of them with reaction components or 
with activators (co -catalysts) of polymerization [3. 4]. From this standpoint the determination of the com- 
position, structure and stability of complex compounds of halides of tin and titanium with diverse organic 
compounds presents definite interest. The present paper deals with the determination of the dipole moments 
of complex compounds of tin and titanium tetrachlorides with ethyl, isobutyl and isomyl esters of butyric acid 
with the objective of clarification of their nature. 

We 'employed the methods of physico-chemical analysis for establishment of the composition of the pre- 
pared complexes. We examined the viscosity. fusibiUty, electrical conductivity a.nd density of the systems: 
TiClj-CsHjCOOCjHs. TiCl4-C3H7COOC4H9. TiCl^ -CsH^COOCsHu. SnCl4-C3H,COOC2H5,Sp.Cli-C8H7COOC4H9 
and SnCIj-CjHjCOSCsHu, as functions of the composition and at a series of temperatures. Our results showed 
that TiCl4 forms compounds with one molecule of ester, while SnCIt forms: compounds with two molecules 
of ester. These findings are in harmony with the results of previous investigations [5-7]. 

EXPERIMENTAL 

The dielectric permeability was determined by the beat method at a frequency of 5- 10® hertz in a 
thoroughly sealed liquid condenser with cylindrical electrodes with a capacity of 15.5ppF. The cell was 
calibrated against benzene e ga* = 2.2830) and against chlorobenzene (ej^* = 5.686). The substances used for 
caUbratioo were thoroughly purified. Measurements were carried out at 20j^0.1''. The density was determined 
with a pycnometer with a finely graduated stem. The refractive index was determined with an Abbe refrac- 
tometer equipped with a thermostatic device. From the dependence of the dielectric permeabihties and 
densities on the concentration in benzene at 20°, the magnitudes of the polarization (Pg) of the dissolved com- 
plexes were found, and these values were extrapolated to infinite dilution (Pfo). The dipole moments were 

calculated from the formula: p = 0.012813 yfPoo"^^)”- 

We determined the electrode polarization Pg from the refraction of the complex compounds that we 
investigated. We assumed that the atomic polarization was 15‘7o of the molar lefraction, as was assumed by 
other investigators [8]. 
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In view of the fact that the prepared complex compounds of TiCl4 and SnCl^ are extremely difficult to 
purify, we prepared benzene solutions of the complexes by starting from stoichiometric amounts o t e a 
Ti or Sn and the appropriate ester. 

The substances used in the research were purified in the following manner: Benzene ("cryoscopic grade) 
was kept for several days over metallic mercury in order to remove any traces of sulfur. It was then dried or 
a long period over metallic sodium, and finally distilled over sodium. The fraction taken for the experiments 
had b.p. 79.9-80.1° at normal pressure, 1.5013, and df 0.8789. Titanium tetrachloride was kept for several 
days over metallic mercury and distilled over the latter through a special separator 1/5 filled with mercury. 

The product purified in this manner had b.p. 136.4° (760 mm), d|° 1.7273. 

We prepared tin tetrachloride by the method of Lorenz [9]. The product was distilled over^metalUc tin in 
order to bind uaces of chlorine. After a second distillaaon a product with b.p. 113.4-114° and d4 2.2326 was ob- 
tained. 

The ethyl, isobutyl and isoamyl esters of butyric acid were washed with sodium carbonate solution and 
dried with freshly calcined calcium chloride before being subjected to fractional distillation. 

Fractions boiling in the following ranges were taken: 

CsHtCOOCzHs 120.4-121° 

C3H7COOC4H, 156.6-157 

C3H7COOC5HU 178.3-178.8 

All the purified substances were stored in sealed ampoules. During the 
sible precautions were taken to prevent access of moisture. 

DISCUSSION OF RESULTS 

Complex compounds of titanium tetrachloride. The complex compounds formed by TiCI^ with ethyl, 
isobutyl and isoamyl esters of butyric acid are crystalline substances. The Ught -yellow crystals ate highly soluble 
in benzene, and they are decomposed by water. Melting points of complexes: TiC]4 • C3H7COOC3H5 103.0°; 
TiCl4-C3H7COOC4H9 78.5° and TiCf,- C3HTCOOC5Hn 70.3°. 

The data show that the melting point falls considerably with increasing size of the alcohol radical in the 
ester. A similar phenomenon was observed [10] during investigation of systems formed by tin tetrachloride with 
esters of monobasic acids. 

In Tables 1-3 ate set forth the results of measurements of the dielectric permeability (e). density (d) and 
the calculated values of the polarization (Pj) of complex compounds of titanium tetrachloride with the ethyl, 
isobutyl and isoamyl esters of butyric acid in dependence on the molar ratios of components. For the first com- 
plex the polarization, extrapolated to infinite dilution. P2a), was 500 cc, while the deformation polarization 
(Pq = Pg + P^) was 76.5 cc. For the second and third complexes these magnitudes were respectively 499 and 
87.28, 496 an(193.40 cc. We calculated the dipole moments from the orientated polarization (Pq = Pjqo -Pq) 
by the above mentioned formula of Debye, and we obtained the following values: TiCl^' C3H7COOC3H5 4.52, 
TiC]4 • C3H7COOC4H9 4.46 and TiCli • CsHtCOOCsHii 4.37 D. As we see, all three complex compounds have 
very similar dipole moments. 

Complex compounds of tin tetrachloride. Unlike the titanium compounds, the complex compounds of 
SnCl^ with the same esters are liquid at room temperature and show a great tendency to undercooling. The 
data of Tables 4-6 characterize the dependence of the dielecuic permeability, density and polarization of the 
tin complexes bn their concentration in benzene. 

We determined the electronic polarization from data for the refraction of the complex compounds; the 
respective values are 95.56, 112.42 and 119.20 cc. 

In the case of the tin complexes we calculated the electronic polarization as the sum of the molar refrac- 
tions of the components of the complex. We took the refraction of the Sn-Cl bond from the literamre [11]. The 
experimental data were found to be somewhat lower than the calculated ones; this is due to deformation of the 
atoms entering the complex compound during formation of the latter from the components. The difference be- 
tween the calculated and the experimental value is evidently greater the mote strongly the atoms are 
deformed during formation of the complex. 


4" ng 

0.8780 1.3930 

0.8662 1.4035 

0.8672 1.4105 

preparation of solutions, all pos- 
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TABLE 1 

The Complex TiC^- C3H7COOCJH5 in Benzene 
Poo = 500 cm’, R = 66.52 cm* 


TABLE 2 

The Complex TiCl^- C:,H7COOC4H9 in Benzene 
Poo = 499 cm*, R = 75.89 cm* 




0.0065 

0.0080 

0.0190 

0.0260 

0.0385 


2.6502 

2:7439 

3.4199 

3.7128 

4.5004 


0.8900 

0.8941 

0.9102 

0.9196 

0.9468 


C 4 .. 


0.0075 

0.0098 

0.0144 

0.0176 

0.0320 


0.8909 

0.8959 

0.9052 


0.9351 


For the first complex we. obtained a dipole moment of 6.52; for the second 6.44, and for the third 6.38 D. 


We see that' the three values are very similar. 


In Table 7 ate set forth the values of the dipole moments (p) of the complexes that we investigated, to- 
gether with the Uterature values of the dipole moments of some other complex compounds of TiC^ and SnCJ4 
[ 12 ]. 

Table 7 also gives the dipole moments of the corresponding organic molecules present in the complexes. 
The last column shows the increase in dipole moment due to complex formation in the form of difference be- 
tween the dipole moments of the complex and the polar component. 


For complex compounds of the type of TiC^- A or SnC^- A (where A is the organic molecule enteririg 
into the composition of the complex), the rise in the moment (Ap) was calculated as the d^etence p -pi. while 
for compounds with the formula SnCl* • 2A. calculation was based upon the formula p -p 2, the assumption 
being made that two molecules of the organic addend are arranged toward each other in the complex at an angle 
of 90°. 


We see from the data cited (Table 7) that interaction of halides of titanium and tin with various organic 
compounds leads to formation of complex molecules with a high polarity. The very large rise in the dipole 
moment of the complex compound in comparison with the moment of the molecule of the polar component 


345 


TABLE 7 


Compound 




Tl'CI* • C,H;.CN 

TiCU • CflHsf'N 

Tin, . C.,!I,COOC,Hs 

TiCI, . C,,H,COOC,H. 

TICl, • C3 H,COOCsH„ 

S. 1 CI, • CbHjCN • 

SnCl, • (C,H,),0 

SnCU • 2(CH;,),':0 

SnCI, ■ 2CH,COC,H» 

SnCI, • 2C,M,,C IO 

SnCI, • 2C3H,COO':,Hr, 

SnCl, • 2C;,H;COOC4Hn 

SnCI, . 2C3H,C00C,,H„ 

6.05 

6.16 

4.52 

4.46 

4.37 

7.06—6.55 

3.60 

7.70 

8.70 
7.5— 8.1 

6.52 

6.44 

6.38 

3.57-3.66 

3.90 

1.74 

1.70 

1.73 

3.90 

1.14 

2.72 

2.97 

2.80 ■ 

1.74 

1.70 

1.73 

2.48—2.39 

2.26 

2.78 

2.76 

2.64 

3.16-2,65 

2.46 

3.90 

4.50 

3.57-4.13 

4.05 

4,03 

3.92 


cannot be explained merely as a phenomenon of polarized interaction; it testifies to a profound chemical inter- 
action between the components with formation of a new bond. Since, according to the data of a number of 
authors [13-16], the dipole moments of titanium and tin tetrachlorides are zero, the differences between the 
moments of the complex compound and of the polar component must be attributed to the development of a 
new bond during complex formation (the donor -acceptor bond); this is accompanied by development of a new 
covalent bond with a high degree of polarization. 

A conspicuous feature is the constancy of the rise of dipole moments of the complex compounds of 
titanium and tin chlorides with ethyl, isobutyl and isoamyl esters of butyric acid that we investigated. 

This constancy is evidence of the identical stabilities of the investigated complexes; It also suggests 
that the size of the alcohol radical in the ester scarcely influences the stability of the complex. Confirmatory 
evidence is provided by some literature data and out own data on physico-chemical investigations of similar 
systems. N. S. Kutnakov and N. K. Voskresenskaya [5] compared the heats of mixing of SnBt4 with ethyl for- 
mate and ethyl acetate on the one hand with the heats of mixing of SnBr4 with isobutyl formate and isobuty ace- 
tate on the other hand, and arrived at the conclusion that replacement of one alcohol radical by another is 
scarcely reflected in the curve of heats of mixing. 

We observed a similar phenomenon in the investigation of the heats of mixing of titanium tetrachloride 
with ethyl acetate, propyl acetate and n-butyl acetate [17, 18]. 

Replacem.ent in an ester of one alcohol radical by another likewise has little influence upon the magnitude 
of the internal friction of the complex compound [10]. Thus, for example, the complex compounds of SnCl4 
that we investigated have the following values of internal friction at 30' (in centipoises); SnCl4- 2C3H7COOC2H5 
16.55, SnCL,- 2C,H7C00C4H9 15.94 and SnCf,' 2C3H7COOC5HU 15.80. We also observed a similar picture in 
the case of titanium complexes. 

However, as we have already pointed out above, increase in size of the alcoholic radical in the ester 
leads to a considerable fall in melting point. This may be a cpnsequence of the screening effect of the non- 
polar hydrocarbon radical. It must also be remembered that increase in size of the acidic radical in the ester 
results in a sharp fall in the coefficient of internal friction of the complex and of its thermal effect. Thus, 
for example, in the series of complex compounds: SnCl4' 2HCOOC:2H5, SnC^* 2 CI^COCX:HjH 5 and 
SnCf,- 2CjH7CC)Oe2H5. the viscosity at 25° falls from 71.97 to 19.31 centipoises [5]. We may also note that 
the dipole moment of the complex compound SnCl4‘ 2CH3COOC3H5 is higher (7.3 D) [19] than the moment of 
SnCft- 2C,H,C00C:2H5 (6.52 D). 

From what has been said, we can conclude that the degree of stability of the ester complexes of titanium 
and tin is governed not only by the size of the hydrocarbon radical but also by its position in the ester. This in 
turn leads to the hypothesis that the active factor that characterizes complex formation is probably the oxygen 
of the carboxyl group in the ester [5]. However, this aspect calls for supplementary research.. 
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Inspection of the data of Table 7 reveals that complex compounds with the composition SnCl4- 2A, in 
which the bond between tin tetrachloride and the organic compound is effected through oxygen, have ap- 
proximately identical increases of dipole moment with a mean value of 4 D. In the case of complex com - 
pounds of SnC]4 and TiCli with organic oxygen -containing substances of equimolar composition, the difference 
II 'pi, has a relatively constant value (2.5 -2. 6 D). This constancy of rise of dipole moment during complex 
formation is evidence of similarity of structure of the complex compounds in question. 

The deviation of the increment of dipole moments from the mean value in some complex compounds 
may be explained by their differing degree of stability in solution. This is clearly seen with the complex 
compounds formed by TiCl4 and SnCl4 with benzonitrile. 

The constancy of the difference between the dipole moment of the complex and the oxygen-containing 
addend in complex compounds of the type of TiCl4" A or SnClj.* A is evidence of their identical structuref:. 
Judging by the results of measurements of dipole moments, the complexes of tin tetrachloride with the above- 
enumerated esters that we investigated possess a cis -structure. 

SUMMARY 

1. The dipole moments of some complex compounds of titanium and tin tetrachlorides were iii- 
vestigated: TiC.l^- GjH^COOqHs (4.52 D), TiC]4- C3H,COOC4H9 (4.46 D), TiCl4 • CjHjCOOCsHu (4.37 D). 
SsG.l4-2CgH.fCOOC3Hs(6.52 D), SnC]4 • 2CsH,COOC4H9 (6.44 D). SnCLj- 2G3H7COOCSHU (6.38 D). 

2. Formation of complex compounds of SnGl4 and TiCl4 with esters of mono-basic acids leads to a 
ro.atked increase in polarization, as reflected in the higher values of the dipole moments. 

3. The difference between the dipole moments of the complex and the ester, both in the case of 

1 : 1 compounds and 1 : 2 compounds, is relatively small and substantially independent of the length of the 
alcohol radical. The difference is 2. 5 -2. 6 D in the case of titanium complexes and about 4 D in that of 
tin complexes. 

4. it is establi.shed that complex compounds formed by TiC]4 and SnGl4 with one molecule, of oxygen- 
containing compound must have nearly identical structures. 

5. On the basis of measurements of dipole moments it is shown that complex compounds of tin. tetra- 
chloride with two molecules of ester rtiust have a cis -structure. 
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THE TERNARY RECIPROCAL SYSTEM OF THE CHLORIDES AND 
SULFATES OF POTASSIUM AND CALCIUM 
M. S. Golubeva and A. G. Bergman 


Investigation of the surface of crystallization of the system, K, Ca || Cl, SO4 is part of a larger sfcheme of 
study of the formation in fused salts of heteroionic complexes, i.e. of salts consisting of four different ions. 

Anhydrokainite MgS04- KCL [1] may be regarded as the classic example of such complexes. With the 
objective of establishing the possibility of formation of analogous salts when magnesium sulfate was replaced 
by calcium sulfate, we also made a study, by the visual-polythermal fusion method, of the surface of crystal- 
lization of the reciprocal system of the chlorides and sulfates of potassium and calcium which had formerly 
been studied [2] by the method of plotting of cooUng curves. 

According to the data of [2], the reciprocal system is deficient in internal fields. Compounds exist only 
on the sides of the KuS04-2CaS04 square (calcium langbeinite) and of the CaCl^' KCl square (calcium carnal- 
lite).(Fig. 1). 



Fig. 1. Projection of the three-dimensional diagram of the reciprocal system K, Ca || Cl, SO4 on 
the square of composition (after E. Janecke). 

The thermal effect of the exchange reaction, arbitrarily calculated from the heats of formation of the 
components of the reciprocal system, is 7.31 kcal/g-equiv. [3] in the direction of the stable pair CaS04-KCl. 
In the classification of [4, 5] the system must be assigned to the irreversible -reciprocal type. 
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EXPERIMENTAL* 

Binary systems. 1, K,SOi-CaSOA (Fig. 3). According to the data of [4] the 

potassium sulfate, the a- and B -forms of calcium langbelnite K*S04'2CaS04 (with a trans to po 

and calcium sulfate. 

The data of S. M. Miukimov, N. I. Krylova and A. G. Bergman (7] agree with those of Muller [6], but the 
interpretations of the whole diagram are quite different in the two papers. The existence was esta s e , 
in a study of the ternary system of the sulfates of potassium, magnesium and calcium, of not ° 

compounds (melting with decomposition) with the suggested compositions: K,S04- ZCaSO* and K,S 4- 4- 

In a study of a series of internal cuts, we repeated the individual points of the system and obtained data 
similar to those in [6]; the difference in the individual points of the composition did not exceed 2- . 

Study of the system K, Ca || Cl, SO4 revealed the existence of two independent com^unds, but we did ^ 
not detect the polymorphic difference in the case of KtS04 ■ 2CaS04 which was found by Muller [6]. e com 
pound K,S04 . 2CaS04 agrees with these data, but the composition of the second. 2K,S04 • 3CaS04, found on e 
basis of projection of the curves of common crystallization and of triangulation of the teclpotcal system, oes 
not agree with the composition which was established in [7] as KjS04 • 3CaS04, 



Fig. 2. Projection of the three-dimensional diagram of the reciprocal system K, Ca || Cl, SO4 
on the square of composition (from our data), 

2’ .CaCla-K.Cl. (Fig. 3) (8, 9], A compound CaClj- KCl, m.p. 745*. existe. According to out data 
there ate eutectic points at 635° and 86% and 597 and 40% CaClj*.*. 

3. CaCli-CaSOa (Fig. 3) [10], Repeated by us. It is a system with a eutectic at 708° and 12.5%CaS04. 

4. KtClt-KiSOi nn (Fig. 3). Repeated by us. A system with a eutectic at 698* and 43% KJSO4. 
PiaRonal Cuts 

Stable cut K«Cl.-CaSOi (Table 1, Fig. 3). This has been studied [10] from 0 to 46.3% calcium sulfate, 

* A platinum crucible was used; the thermocouple was Pt, Pd, Au/Pt, Rh. 

• ‘In all cases the composition of the mixtures is given in equimolar percentages. 
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Fig. 3. Sides and diagonal cuts of the reciprocal system K, Ca 1| Cl, SO4. 

KsS04-2CaS04 A, 2X2304- 3CaS04 — B. 

and the existence of a eutectic at 685° and 31. 8^0 CaS04 was estabUshed between potassium chloride and a 
compound with the suggested composition CaS04- KCl, i.e. calcium anhydrokainite. 

We detected three branches in the interval of 0 to 60% calcium sulfate; potassium chloride, calcium 
sulfate and a compound that we called X. melting with decomposition at 790° and 44.5% CaS04. The eutectic 
point Nr, situated at 688° and 32% calcium sulfate, and the point of incongruent melting Njj at 790° have the 
chatactL of turning points (Figs. 2 and 4). This indicates that a peak of the internal compound must exist on 
the stable diagonal, i.e. it is a double heterosalt. The proposed composition of Compound X was established on 
the basis of the temperatures of complete solidification of Melts 1 and 2 of Cuts XIII and XV (Table 3) and of 
triangulation of the reciprocal system. 

The unstable diagonal cut of CaCl,-K,S04 (Table 2, Fig. 3). It passes through five fields: calcium 
chloride, calcium sulfate, two binary sulfates of potassium and calcium formed in the system K2S04 CaS04, and 
a branch of potassium sulfate, intersecting at 645° and lO^o, 785° and 57.5%, 770° and 65%, 720 and 73.5% potas- 
sium sulfate. 

Internal cuts (Fig. 4) *. 23 internal cuts were studied. Data for the 1st series ofCuts I-VII appear in 
Tables 3 and 4 and are plotted in Fig. 5. The boundaries of the fields of calcium chloride and CaClj.- KCl en- 
close the lower wedge-shaped internal field of the double heterosalt X; the existence of two ternary eutectic 
points was established: E3 at 580° and E4 at 604°. 

2nd series of Guts IX -XI (Tables 3 and 4, Fig. 6) . The occurrence of two ternary eutectic points Ej at 644° 
and E2 at 675° was established from the temperatures of complete soUdification of the melts of the cuts of the 
2nd series and from the projection of the curves of common crystallization (Fig. 8). 

» Only a portion of the experimental data is presented in the tables. 
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Fig. 6. Cuts through the reciprocal system 
K, Ca I! Cl. S04(IX-XV). 

K2S04 • 2CaS04 ^ A. 2K*S04 • 3CaS04 — 

-«■ B. CaClj • KCl C. 

3rd series of Cuts XII -XV (Tables 3 and 4, Fig. 6) . 
Cut XVI (Table 4, Fig. 5) is a control cut. It is in 
complete accord with all the other cuts which it 


Fig. 5. Cuts through the reciprocal system K, Ca H Cl,, (Fig. 4). 

SO4 (I - VIII, XVI). . . • . n 

K,S04-2CaS04- A. 2K*S04- 3CaS.04 - B. A ternary transmon point P, 

CaClj'KCl-* C. 


748“ was found 

from the temperatures of complete solidification at 
748“ of Melt 1 (Cut XIII) and Melt 1 (Cut XV) and 
from the projections of the line of common crystallization (CaS04 and KaS04 • 2CaS04) and (CaS04 and phase 
X). 

A triangulating section X-K*S04- 2CaS04 was performed and the proposed composition of the heterosalt 
CaS04- 2KC1 was confirmed. 

4th .ser ies of Guts XVIl-XXIU (Table 4, Fig. 7). T he curves of common crystalUzation of each of the 
two double sulfates with potassium chloride were investigated. The direction of fall of temperature on these 
tines resulted in a turning point Nm on the curves of common crystallization of potassium chloride and com 
pound K,S04-2CaS04 at a temperature of 692“. situated on Cut XIX. The existence of the field of the double sul 
fate K4S04- 2CaS04 inside the reciprocal system was confirmed. 

A polymorphic transformation is not developed in K,S04- 2CaS04 in the cuts examined but instead we 
establish^ (with most of the cuts of the 2nd and 3rd series) in the binary system of sulfates of potassium and 
calcium the existence of a field of a second compound whose peak had to be situated between the melting 
point of compound KaS04- 2CaS04 at 1006“ and 66.6^0 potassium sulfate and the point of incongruent melting 
of this compound at 935“ and 5l1o calcium sulfate. Within these limits the most probable compound is one with 
60fo calcium sulfate, i.e. the compound 2KjS04- 3CaS04. 
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TABLE 3 

Internal Cuts of the ystem K, Ca j| Cl, SO4 



• Melts ofCut II solidify at 604°. 

* • Melts of Cut V solidify at 580°. ^ 

. . . Melt 1 ofCut V solidifies at 748°, Melt 2 ofCut XIII solidifies at 675 . 

. • • ‘Melt 1 OfCut XV soUdifies at 748°, Melt 2 ofCut XV soUdifies at 675°. 


The surface of the system K. Ca || XCl, SO4 is divided into 8 fields, three of which belong to compounds 
of the sides while one field is formed on the stable diagonal of the reciprocal system of the proposed compos - 
tion CaS04- 2KC1. A compound with a similar formula CaSO«- 2KC1. 1/2H*0 was previously detected in aqueous 
solution [12]. 

We found one of the compounds of the side of the square with the composition 2K*S04. SCaSO^ for the 
first time from the situation of its field of crystalUzation inside the reciporcal system. 

The projection on the side of the square of K,S04-K,C]* (Pig. 8) reveals a tegular fall of temperature 
and complete correspondence in the location of the curves of common crystalUzation and the muluple points. 
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iS 04'2KCL 
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TABLE 5 , 

Compositions of invariant points of the system K, Ca H Cl, SO4 



we found four ternary eutectic points at 644-, E, at 675", , at 580 an E4 at 604^ and one transtuon ^ 
P, at 748- from the temperature of complete soHdification of the melts of the mternal cuts. These were con 
firmed by the intersections of the curves of common crystallization. A ternary transition point at 676 and a 
peritecUd point R at 653° were found on the basis of the projections on the sides of the square. 
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The system contains 3 stable sections: one diagonal and two adiagonals; they divide the reciprocal 
system into 4 independent ternary systems (Fig. 2): 

1) CaClj, CaS04, CaClj- KCl (designated by IV’): 

2) CaCl^- KCl. CaSO^, KjCl^ (designated by III’); 

3) CaS04. KjClj, KjS04-2CaS04: 

4) K2SO4-2CaS04, KjCl^. K2SO4. 

The presence of the peak of Compound X on the diagonal K2Clj-CaS04 results in a second triangula- 
tion of the “third system by the unstable section X-K2S04- 2CaS04 into two phase triangles: 1) CaS04- 2CaS04 
(designated V’) and 2) K2S04- 2CaS04. X. K^Cla (designated 11’). But the existence of a second compound, 
melting with decomposition, in the system of the sulfates of potassium and calcium, leads to the develop- 
ment of an unstable triangulating section of 2CaS04- 3CaS04-K2Cl2 which divides the fourth ternary system 
into two phase triangles: 1) KjtS04 • 2CaS04, K^Gl^, 2K4S04- 3CaS04 (designated VI’) and 2) 2K2SO4 • 3CaS04, 
KjClj, K^S04 (designated I’). 

The triangulating section X-K2S04- 2CaS04 was carried out by us on the basis of the temperature of 
complete solidification of the melts of Cuts XIII (Melt 1) and XV (Melt 1) at 748°, whereas the adjacent Melts 
2 of these cuts solidified at 675° (Table 3). It follows from this that the latter are in another phase triangle 
and the triangulating section must pass between the points of compositions corresponding to the specified 
melts. On joining the peak of K4S04- 2CaS04 with the middle of the stable diagonal section by a straight 
line, we obtained this section and the two phase triangles V’ and 11’ with the temperatures of complete solidi- 
fication stated above. 

The reciprocal system K, Ca || Cl. SO4 has been investigated in aqueous solution at 25° [13]; water 
has a great influence upon the structure of the system. The enormous gypsum field occupies nearly the whole 
area of the square of the isotherm of the system. The only double salt formed is syngenite K2S04'CaS04-Hij0, 
whereas in melts a large number of complexes of salts are formed which are susceptible to hydration, such as 
calcium chloride and calcium sulfate. 

SUMMARY 

1. The surface of crystallization of the reciprocal system of the chlorides and sulfates of potassium and 
calcium consists of eight fields meeting at seven triple points. The data obtained differ in important respects 
from those of Janecke [2] who did not detect two fields of compounds: the double sulfate 2K2SO4 • 3CaS04 
and the double hetetosalt CaSQj • 2KC1 on the stable diagonal. 

Two transition points (Pj at 676° and Pj at 748°) and one point R at 653° were found. 

2. A comparison of the two diagrams of the reciprocal system in aqueous solution and in a melt indicates 
weakening of the reaction of complex formation in aqueous solution under the influence of the aggressive action 
of water. 
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COMPLEX FOI 


RMATION AND DOUBLE DECOMPOSITION IN THE RECIPROCAL 
SYSTEM OF THE FLUORIDES AND SULFATES OF LEAD AND POTASSIUM 
V. A. Gladushchenko and A. G. Bergman 


The purpose of investigation of the systems K. Pb |i F. SO4 was to elucidate the behavior of compounds 
developed on the KjFj- OKjSQi and K^SO^- 2PbS04 sides and to establish the type of the system. The thermal 
effect of the double decomposition was 6.84 kcal in the direction of the components PbFj and K2S04. On the 
two contiguous sides of the square ate situated the compounds (melting without decompositionJIKjF* • 2K2SO4 at 
880' and 1(2804 • 2PbS04 at 946°; the remaining two sides of the square are simple eutectic systems. 

EXPERIMENTAL 

Procedure The investigation was carried out by the visual-polythermal fusion method. The crucible 
and stirrer were of platinum. The thermocouple was Au. Pt, Pd/Pt, Rh. A 40 mV raillivoltmetet was used. All 
calculations ate expressed in mol.-7o. For economy of space, a portion of the cuts and experimental points 
is omitted. 

Lead fluoride was prepared by interaction of twice -distilled hydrofluoric acid with chemically pure lead 
carbonate. The potassium fluoride was a chemically pure grade which was previously dehydrated. 

The potassium sulfate was a twice -recrystallized chemically pure grade. Lead sulfate wa^s prepared by 
precipitation of lead nitrate with pure sulfuric acid. Melting points of salts: PbF* 826*. KF 850', K2SO4 1074,. 
PbS 04 1100°. 



Fig. 1.: Fusibility diagram of the binary systems. 
Explanation in text. 
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Fig. 2. Diagonal sections of the reciprocal system. 


Binary systems. 1. KjFj -KjS04 (Fig. i). this has 
previously been investigated [1, 2]. We confirmed the 
existence of the compound KjFj • BKjSO^ but with a 
slightly different melting point (880*) and eutectic 
points E, 783* and 27<?» KjSO^r, Ej-864*.- 73.5% K*S04. 

2. K,S04-PbSO^ (Fig. 1). This has previously 
been studied [3, 4], Out data confirm the existence 
of the double compound K2S04‘ 2PbS04, melting with- 
out decomposition at 946*. Eutectic points are E 1 805* 
and 45% PbS04. E* 920* and 75% PbS04. Data in [3,4]; 
melting point of compound 948°, but eutectics E.i792 
and 45% PbS04, E^ 837° and 81% PbS04: the compound 
ICjS04- PbS04 appeared in the solidus at 619°; we plot- 
ted the cooling curve of the 1 : 1 melt and obtained a 
characteristic halt at 628°. 

3. l%Fii -PbF,, (Fig. 1). Eutectic point at 460° and 
57.5% PbF2. It was investigated by us. 

4. PbF2-PbSO,i(FiB. 1). This was studied by us. 
The fusion curve comprises two steeply descending 
branches of the components. Eutectic point at 520* and 
26.5% PbS04. 


Diagonal cuts. 1. Stable diagonal of PfaFt-K^SO,, (Fig. 2, Table 1) . Consists of two branches of the com- 
ponents which intersect at a eutectic point at 480° and 22.5% K2SO4. 

2. Unstable diagonal of K2F2~PbS04 (Fig. 2, Table 1) . Consists of six intersecting branches. 


TABLE 1 

Binary Systems andDiagonalCuts 



The Ternary Reciprocal Sysi 


The joint presence of four binary systems and two diagonal and 19 internal cuts (Fig. 3) offers the pos- 
sibility of determining the liquidus surface of the system which contprises 7 fields of crystallization: 4 fields 
belong to comjtonents and to compounds: KjF* ~ 21^504; K2S04-2PbS04; ana a Compound X whose com- 
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The field of potassium sulfate occupies the largest area (38.73%) and displaces the field of KjFj' 2K2SO4 in 
the direction of potassium fluoride, due to which this compound melts inside the system. with decomposition. The 
compound K2S04- 2PbS04 (melting without decomposition) retains its stability inside the reciprocal system and 
occupies a small portion of tlie surface (7.65%). The field of the compound of unclarifled composition comes 
close to the just mentioned field. Two possibilities arise in connection withCompound X; 1) it is the compound 
K2S04- PbS04 which was detected in the solidus of the system K2S04-PbS04; 2) it is a triple hetetosaltj for the 
determination of its composition the visual polythermal method alone is inadequate. 



Fig. 3. Situation of internal cuts in the reciprocal system K, Pb 1| F, SO4. 

It is interesting to note that in the system K, Pb || Cl, SO4. previously studied [5] and partly repeated by 
us, the field of 1(2804 • 2PbS04 occupies a considerable proportion of the surface of the square (27.7%), extend- 
ing neatly up to opposite side of the square. No other field was detected in this system. The absence of the 

field of X from the chloride system may be due either to its attack by chlorides or to the fact that it is a 

triple hereto compound which is only formed with fluorides but not with chlorides. In connection with out two 
suggestions about the character of the internal field, attention is now drawn to two variants of the triangulation 
of the reciprocal system. 

First variant (Fig. 7) , on the assumption that the field belongs to the double 1 : 1 compound (K2S04' PbS04), 
the square of the reciprocal system is divided by three secants into 4 phase triangles: 

I) PbF2-KjF2'-K2F2 -21(2504. II) KjFj- 2K2S04-PbF2-K2S04, 

lU) K2S04- PbS04-PbF2-K2S04. IV)PbS04-PbF2-K2S04- PbS04, 

To each triangle corresponds a triple invariant point: Ej 440°, P 470°, E2 440°, Ej 420*. 

Second variant (Fig. 8) on the assumption that field X belongs to a triple heteroconipound, the square of 
the reciprocal system is divided into 6 phase triangles: 

I) PbF2-K4F2-K2F2-2K2S04, H) KjF,* 2K2S04-PbF,-K2S04, 

m) K2S04-PbF2-X, IV) K2SQ4-X-K^S04- 2PbS04, 

V) K2S04-2PbS04-X-PbS04 VI) X-PbFj-PbSQ,. 

To each of these triangles Jgorresponds a triple invariant point, the temperature and composition of which 
are set forth in Table 5. 

The experimental data for the composition and melting point of the triple invariant points ate made mote 
precise by projection of the curves of common crystallization on to the side of PbS04— K2SO4 (Fig. 9). 
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TABLE 2 

Internal Cuts of the Reciprocal Systei 


Cut I 

Cut II 

Cut 

/// 

Cut 

xy/rr 

1 Cut 

XIX 


50% PbF, \ , ^ 
50% K,F, 1 r»>so4 

65% PbF, 
35% K,F, 

' ) PbSO, 

40% K,SO, ) _ 

60% PbSO. 1 Pl-E’ 

50% K,SO, ) _ 

50% PbSO, i 

PbSO 

Temp. 

PbSO, 

Temp. 1 

' PbSO, 

Temp. 

P^F. 

Temp. 

PbF 

Temp. 

5 

10 

13 

15 

20 

23 

26 

29 

32 

35 

41 

47 

53 

56 

59 

65 

68 

71 

78 

700° 

648 

663 
682 
695 
686 

664 
686 

691 
672 
633 
, 574 
564 
584 
598 
636 
668 
727 
850 

2 

4 

6 

10 

13 

15 

17 

20 

23 

26 

32 

38 

44 

47 

50 

56 

59 

62 

65 

71 

523° 

517 

554 

576 

577 
574 
580 
603 

613 

614 
603 
574 
532 
538 
557 

585 

595 

650 

700 

795 

2 

6 

8 

10 

13 

18 

20 

26 

29 

35 

38 

41 

44 

47 

50 

53 

56 

59 

65 

71 

508° 

490 

480 

516 

532 

542 

542 

534 

524 

495 

500 

524 

540 

552 

560 

572 

622 

672 

760 

832 

10 

16 

19 

22 

26 

29 

32 

35 

38 

41 

47 

51 

56 

59 

62 

64 

66 

68 

71 

74 

840° 

792 

762 

733 

692 

663 

633 

606 

598 

592 

573 

558 

546 

522 

501 

472 

470 

508 

534 

564 

•10 

13 

19 

22 

24 

26 

29 

32 

35 

41 

46 

52 

56 

59 

62 

65 

68 

71 

74 

76 

822° 

794 

743 

713 

694 

676 

665 

644 

634 

608 

580 

547 

527 

506 

487 

465 

450 

484 

516 

536 

Intersection 
636°, IO.50/0 
PbS04; 

662°, 26% 
PbS04; 

558°, 55% 
PbS04 

604°, 64% 
PbS04; 

678°, 70% 

Intersection 
500°, 3.5% 
PbS04: 

570°, 16.5% 
PbSOi; 

523°, 45»/o 
PbS04; 

595°, 59% 
PbS04. 

Intersection 
476°, 8.5% 
PbSOi; 

482°, 37% 
PbSOi: 

565°, 52.5% 
PbSOj. 

Intersection 
604°, 34% 
PbFj; 

452°, 65% 
PbFs. 

Intersection 
650°, 28% 
PbFj; 

456°, 67.5% 
PbFj. 


’pbS 04 / 


TABLE 
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4. Int 


Fig. 5. Internal cuts of the reciprocal systei 
y-VIII and XVII-XIX. 


ternal cuts of the reciprocal system. 
[V and IX -XI. 

i.BLE 4 

etnal Cuts of the Reciprocal System 






Fig. 8. Fusion diagram and triangulation of the reciprocal 
system K, Pb || F, SO4 (second variant). 

Explanation in text. 



Fig. 9. Projection of the curves of common crystallization 
on the side of PbS04-K2S04. 





TABLE 


Point 

Name 

Temp. 

• Composition (In mol.-7o) 

PbF, 

PUSO, 

K,F. 

K.SO, 

Bx ' 

Eutectic 

440° 

55.0 

2.5 

42.5 


Pi 

Transition 

470 

53.5 

7.0 

39.5 


Bi 

Eutectic 

440 

63,0 

12.0 


25.0 

b\ 

Eutectic 

420 

62.0 

26.0 


12.0 

Bi 

Transition 

642 

25.0 

35.0 


40.0 

^3 

Transition' 

594 

40.0 

40.0 


20.0 


On comparing the chloride -sulfate reciprocal system [5] with the corresponding fluoride -sulfate system 
(K, Pb II Cl. SO4 and K. Pb || F, SO4), we observe that replacement of the chloride ion by the fluoride ion leads 
to marked development of a number of complex compounds both on the sides and inside the fluoride -sulfate 
reciprocal system. 

Apart from the compound K2S04‘ 2PbS04 which is common to both systems, the fluoride system contains 
the field of the compound KjF2- 2KjS04 as well as an internal field of not fully elucidated composition. The 
thermochemical effects of the exchange reactions in these systems ate: for the chloride -sulfate system 0.17 
kcal/equiv. in the direction of K2Cl2-PbS04, and for the fluoride -sulfate system 6.84 kcal/equiv. in the direc- 
tion of PbF2-K2S04. 

The chloride-sulfate reciprocal system is an example of the adiagonal type of system, while the fluoride- 
sulfate system belongs to the diagonal type. 

SUMMARY 

1. TTie liquidns surface of the irreversible -reciprocal system K, Pb || F, SO4, consists of 7 fields of crystal- 
lization, of the components and 3 compounds: KjF^ " 2K2SO4, K2SO4 • 2PbS04 and a Compound X. 

2. Inside the system the field of the compound K^Fj ‘ 2X2304 (melting without decomposition) is displaced 
by the field of potassium sulfate and passes over into the field of a compound melting with decomposition. 

3. The compound K2S04‘2PbS04 remains stable inside the system, as reflected in the rectangular form of 
its field of crystallization. 

4. There are two possible interpretations of the internal field of the compound: a) it is a double compound 
with the composition ^2804- PbS04 which was detected in the soUdus of the binary system K2S04-PbS04: or b) 

it corresponds to a triple hetetocompound (melting with decomposition) of unclarified composition. A similar 
internal field was not detected in the corresponding chloride -sulfate reciprocal system. The most stable section 
is the diagonal cut of PbF2 ''1^504: the adiagonal sections K2F2' 21^804— PbF2 and K2SO4' 2PbS04~PbF;2 beat a 
subordinate character. 
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STUDY OF THE SYSTEMS SODIUM SULF ATE - COBALT SULFATE AND 


SODIUM SULFATE - NICKEL SULFATE 
K. A. Bolshakov and P. I. Fedorov 


The system sodium sulfate - cobalt sulfate has been investigated by Calcagni and Marotta [1] by the 
method of cooling curves. According to their data the system belongs to the eutectic type. The eutectic 
crystallizes at a content of 50'7o cobalt sulfate and a temperature of 675’. On the sodium sulfate side Is a 
region of solid solutions. extending up to cobalt sulfate. In melts containing from 18 to 45‘7o cobalt sulfate, 
thermal effects were observed at 425’ that corresponded to the double salt CoS04' 3Na2S04 of the vanthoffite 
type. 

The system sodium sulfate - nickel sulfate has not previously been studied. 

The systems were investigated by the method of thermal analysis. Most of the data were obtained by 
recording the differential heating curves. The liquidus of the systems was established by recording of the cool- 
ing curves and also by the visual-polythermal method. The data of thermal analysis were confirmed by study 
of the microstmcture of the melts and by study of the crystal optics. Melts were crystallized between two mica 
plates for preparation of specimens for study of microstructure. 

Our plot of the phase diagram of the system sodium sulfate — cobalt sulfate (Fig. 1) contains three branches 
of crystallization. Line AB corresponds to ctystalUzation from the melt of a solid solution on the basis of 
sodium sulfate. Branch BC corresponds to crystallization of a compound, which we designate e , formed by a 
peritectic reaction (line CE) at a temperature of 590’. Judging by the point of termination of the eutectic line 
FG, and by analogy with the system sodium sulfate - magnesium sulfate [2], the formula 3CoS04‘ Na2S04 may 
be assigned to tltis compound. Cobalt sulfate crystallizes from melt along the line CD. TTie eutectic crystal- 
lizes at 565°. Its composition corresponds to a content of 4970 cobalt sulfate. The region of solid solution on 
the basis of sodium sulfate extends at the eutectic temperature to a content of 387> cobalt sulfate. 



Fig. 1. Phase diagram of the system cobalt sulfate -sodium sulfate. 
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Lowering of the temperature leads to decomposition of the solid solution along the lines GH and HI with 
formation of the compounds CoSO^- Na^SO^ (6) and CoS04*3Na2S04 (y). The temperature of formation of 
Cdmpound y along the horizontal line KH is 440*. 

We were unable to establish the temperature of formation of Compound 6. There are two possible ex- 
planations of this: This temperature is close to the eutectic temperature so that the effects of crystallization 
of the eutectic and of the formation of the compound substantially coincide (as shown in Fig. l);altetnatlvely, 

5 crystallizes directly from the melt and has an insignificant liquldus line which escaped our observation. 

The horizontal line LM (205°) corresponds to a eutectoid transformation associated with the polymorphic 
transformation of sodium sulfate. The horizontal line NP (460°) must evidently be associated with the poly- 
morphic transformation ofCompound e . 

The system sodium sulfate - nickel sulfate (Fig. 2) is similar to that described above. The region of 
solid solutions extends to a content of 35% nickel sulfate. In this system, Compound 6 has a well-marked 
maximum on the fusion diagram. Eutectic points correspond to contents of 41 and 55% nickel sulfate and 
temperatures of 671 and 700° respectively. 

The Compound y is formed in the solid state on the horizontal line IK at a temperature of 432°. Com- 
pound e is evidently formed in the high -temperature unstable region. The presence. of eutectic halts to the 
left of the ordinate of the compound is explained by the incompleteness of the reaction of fonyiation ofCompound 

6 under the e.xperimental conditions: due to the thermal instability of nickel sulfate it is impossible either to 
bring the meltsto fusion point or to subjectthem to prolonged heating at above 700°. 





TABLE 

Characteristics of the Double Compounds 


Formula of compound 

Color 

Double refraction 
of light 

Refractive index 

3Na2S04- C0SO4 

Light -violet 

Weak 

1.51 

Na2S04-CpS04 

Pleochroism from 

violet to red- 

violet 

Strong 

1.53 

Na2S04-3CoS04 

Brownish -violet 

Medium 

1.70 

3Na2S04- NiS04 

Ught-yellow 

Weak 

1.50 

Na2S04*NiS04 

Dark -ye How 

Strong 

1.54 

Na2S04 -3^504 


Medium 

1.74 




I 


In the table are set forth the characteristics of the compounds detected by us in the two binary systems 
on the basis of crystal-optical investigations. 

Thus, compounds of the following types were found in both systems: 3Na2S04‘ MeS04, Na2S04- MeS04 
and Na2S04 • 3MeS04, where Me = Ni, Co, 

SUMMARY 

1. The phase diagrams of the binary systems of sodium sulfate with cobalt sulfate and nickel sulfate 
were studied. 

2. Both systems are characterized by reciprocal solubility of the components in the liquid state, the 
formation of a broad region of solid solutions from the side of sodium sulfate, and the presence of three 
double compounds (3 Na2S04- MeS04, Na2S04' MeS04 and Na2S04 ■ 3MeS04). 
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CATION EXCHANGE IN MIXED SOLVENTS ON VOLKONSKOITE 
A, T. Davydov and R, F. Skoblionok 


The question of the influence of the liquid phase upon the extent and character of exchange adsorption 
has acquired great importance at the present time in view of the extensive applications of ion exchange. A 
number of authors [1 -8] have smdied exchange adsorption in nonaqueous and mixed media and have observed 
a considerable influence of the liquid phase on the extent and the character of the exchange. In previous in- 
vestigations we studied [6, 7] the dependence of the extent of adsorption on the dielectric constant of the Uquid 
phase. In addition, the appUcability of the equations of B. P. Nikolsky [9] and E. N. Gapon [10], which charac- 
terize tlie exchange from aqueous soluUons, to exchange adsorption of cations from mixed solvents was checked. 

The marked identity of the quantitative laws of exchange of cations from aqueous and mixed media 
and the influence of the dielectrie constant of the solvent upon the magnitude of the adsorption present great 
practical, as well as th.eoretical, interest. For this reason we undertook the following investigations with the 
aim of gaining a deeper insight into the processes of ion -exchange adsorption from mixed solvents. 

EXPERIMENTAL 

In this research we studied the dependence of the magnitude of .exchange of Ba-volkonskoite for Na- and 
K' ions from aqueous alcoholic and dioxane -water solutions of various concentrations. 

The investigations were carried out on volkonskoite [11-13] from the Efimyatsky deposit! its adsorption 
capacity was approximately 100 mg-equiv. per 100 g adsorbent. In preUminary experiments it was estabhshed 
that volkonskoite is inert to the solvents investigated; it absorbs neither water not alcohol not dioxane. 


TABLE 1 

Ba-volkonskoite + NaCl 


1 

Concentration NaCl fm 

g-equlv/l) 


Alcohol J 

0,0Z5| 

0.050 1 

0.075 1 

o.ioo 1 

0.150 1 

0.200 1 

0.253 

(wt. %) 1 


mg-equiv 

Ba- 




0 

0.82 

1 34 

1.76 

2,13 

2.77 

3.32 

3.80 

10 

0.84 

1 38 

1.82 

2,22 

2.70 

3.4i 

3.89 

30 

0.90 

1.47 

1.92 

2.33 

3.10 

3.70 

4.15 

50 

0.96 

1,58 

2.08 

2.52 

3.29 

3.95 

4.43 

70 

0.99 

1.65 

2.20 

2.60 

3.43 




♦displaced from 10 g Ba -volkonskoite 


TABLE 2 

Ba-volkonskoite + KCl 


Alcohol 

Concentra 

0.025 1 0.050 1 

tionK 
i 0,075 1 

:ci Cm 
0.100 


uWlj 

0.250 

(wt. % 

mg-' 

equiv 

Ba- 

»- 




0 

1.94 

3.46 

4.66 

5.59 

6.80 

7.60 

8.02 

10 


3.72 

5.02 

6.00 

7.29 

7.95 

8.28 

30 

2.15 

4.12 

5.58 

6.60 

7.78 

8.32 

8.56 

50 

2.18 

424 

5.75 

6.87 

7.93 

8.47 

8.64 


•displaced from 10 g Ba-volkonskoite 


The influence of the composition of the medium on the extent and character of exchange was studied 
on solutions of NaCl and KCl of various concentrations in various aqueous alcohol and aqueous dioxane solvents. 
The following procedure was adopted: 5 g lots of Ba-volkonskoite were placed in special small flasks with 
Btound glass stoppers. Into each flask was then tun 50 ml of a solution of specific composition concentration 
of salt, and the flasks then allowed to stand for 48 hours with frequent shaking. The flasks containing the settled 
equiUbtlura solutions were transferred to a thermostat, and at 25’ samples were pipeted off and analyzed for the 
number of milligram -equivalents of desorbed Ba” . 

The experimental data ate presented in Tables 1 to 5. 


371 


TABLE 3 

Ba-volkonskoite + NaCl + 
50%Dloxane 


TABLE 4 

Ba -volkonskolte + 0.1 N 
NaClSolutlon 


TABLE 5 

Ba-volkonskoite + 0.1 N KCl 
solution 


NaCl concentra- 
tion (in g-equiv/. 1) 

mg-equiv 

Ba" displaced 
from 10 g Ba- 
volkonskoite 

0.025 

0.85 

0.050 

1.34 

0.075 

1.75 

0.100 

2.16 

0.150 

2.72 


Dioxane (wt. -'yo) 

mg-equiv: 

Ba" displaced 
from 10 g Ba- 
volkonskoite 

0 

2.13 

10 

2.16 

30 

2.09 

50 

2.16 

70 

2.26 


mg-equiv 
Ba" displaced 
fromlOgBa- 
volkonskolte 


5.59 


The data show that desorption of Ba" increases with falling dielectric constant of the medium. The in- 
fluence of change of dielectric constant on the extent of exchange from aqueous dioxane solutions is less pro- 
nounced than from aqueous alcohol solutions, and in the case of exchange of [Ba**] + Na’ the effect is com- 
pletely reversed; the results obtained in the study of the exchange adsorption of [Ba--] + Na* from dioxane -water 
mixture containing 50 wt.-'/o dioxane ate identical with those obtained in aqueous solution. 

The influence of change of dielecttic constant upon the extent of exchange is mote marked in the region 
of high dielectric constants, ^the effect being insignificant in the region of low dielectric constants. Thus in the 
exchange of [Ba"] + K* in a'queous dioxane, identical results are obtained with dioxane contents of 50 and 10 
weight^o. 

On the basis of the experimental data we calculated the Gapon equation [10] of the exchange adsorp- 
■ tion isotherm and out rearranged form of Nikolsky's equation [9, 6]. 

In its general form the Gapon equation may be written: 


cyn, 


where a|. and a* are the concentrations of the adsorbed cations in milligram-equivalentSj Ci, Q ate the 
equilibrium concentrations of the exhhanging cations in the solution in millimoles per 1 mlj nj, hj ate the 
valences of the exchanging cationsi and K is the exchange constant. 

For the case under investigation of exchange between divalent and monovalent ions, it has the form: 

1.1 K Vl 

a"“am OmlOOCo-a' (2) 


■where a is the amount of divalent cation in milligram-equivalents desorbed from 10 g adsorbent, equal to the 
number of milligram -equivalents of adsorbed monovalent cation, a^ is the maximum adsorption in milligram- 
equivalents per 10 g adsorbent, Cj is the initial concentration of monovalent cation in millimoles pet rnimiitet, 
and K is the exchange constant. 


The above Is a linear equation. Putting 



we find the free term of the equa- 


tion (a line intersecting the ordinate) equal to the reciprocal of the maximum adsorption. From die angular 
coefficient of the straight line K/a^ we find the value of K (the exchange constant). 
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V 


Nikolsky proposed the following equation for characterization of the equlUbrlum state in exchange of 
ions of different valences: 

a}'"' Cj/"> 

= (3) 

where a., a. are the number of adsorbed cations in milUmoles per 1 mh nj, n* are the valences of the ex- 
changing ions, K is the exchange constant;, C,. C, are the equlUbrlum concentrations of cations in solution in 
millimoles pet ml. 

Starting from the procedure of the present inyestlgation, Nikolsky's equation [9:]was rearranged to give 
the linear equation [6] r 


where a is the number of milUgram -equivalents of the divalent cation desorbed from 10 g adsorbent, equal to 
the amount of adsorbed monovalent cation, a^ is the maximum adsorption in milUgram -equivalents per 10 g 
adsorbent, Cj is the initial concentration of monovalent cation in milUmoles per 1 ml, and K Is the exchange 
constant. 

e find a^ as the length intercepted by the straight Une at the 


Putting y = a; X = 


\100 Cfe-i 


ordinate, and K?, the angular coefficient of the straight line. 

The calculated values are set forth in Tables 6-9. The values of y, a^ and K were obtained by the 
method of least squares. 

The data demonstrate the satisfactory appUcabiUty of Gapon's equation and of out rearranged form of 
' Nikolsky's equation to exchange adsorption in mixed media. The appUcabiUty is confirmed by comparison with 


ay, the mean square deviations of the individual determinations of y. 




and by comparison of the mean square errors of the mean values of the constants of the equations ^ y „ (^i- T) / 

The appUcabiUty of the equations of exchange adsorption to the investigated systems confirms the pre- 
viously noted identity of the quantitative laws in different solvents. 

38 

Analysis of Equations (2) and (4) shows that in the rearranged Nikolsky equation x = ^ooCo-a)a 
or In X = 3 In a -2 1® (lOOCo-a); the relative error :x is . 


x da „ da /„ 2 \ 

x=^V^^ lOOCo-^" a r 100^_1 )• 
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TABLE 6 

Ba-volkonskoite + NaCl 


Con- 
centra- 
tion of 
NaCl 

te./’ 

Content of alcohol in aqueous alcoholsoluuonj. 

in weight -7o) 

0 i 

10 1 

1 






j ^calcd 


^calcc 


*'calcd 


?:alcd.| 



0.025 

0.050 

0.075 

0.100 

0.150 

0.200 

0.250 

0.3811 

0.2236 

0.1634 

0.1311 

0.0962 

0.0772 

0.0650 

K-=‘ 

<r.,= 

1.222 

0.746 

0.564 

0.466 

0.361 

0.303 

1 0.266 
L4.3±0.4 
43.2 dz 1.5 
0.003 

0.3904 
0.2295 
0.1679 
0.1354 
0.0995 
0.0787 
0.0661 
<>m = l 
a:=4 

1.189 

0.725 

0.547 

0454 

0.350 

0.290 

1 0.254 
5.8±0.7 
5.7 ±4.1 
0.003 

0.4192 
0.2429 
0.1756 
0.1407 
0.1046 
0.0834 
0.0691 
s^ = l 

1.117 

0.677 

0.509 

0.422 

0.331 

0.278 

1 0.241 
i4.3±1.0 
15.8±3.0 
0.008 

0;4499 
0.2599 
0.1882 
0.1501 
0.1095 
0.0876 
0.0724 
a„ = l 
7^=3 

1.044 
0.632 
0.476 
0.394 
0.306 
Oi-^B 
0...5 
4.6±0.7 
1.7 ±2.8 
0.003 

0.4660 

05711 

0.1979 

0.1541 

0.1132 

K=‘. 

j 

1.006 

0.611 

0.463 

0.374 

0.291 

16.1 ±2.6 
32.5±6.1 
0.007 


Note. Calculated from equation (2). 


TABLE 7 

Ba-volkonskoite + KCl 


Concen- 
tration 
of KCl 

(in g- . 
equiv./l| 

Content of in agiiRous alcoholsolutionfin w 

eieht-7o) 

0 1 

10 - 1 

__ 30 1 






*fcalcd| 

J 

*fcalcd.j 


%alcd.j 


%alcd.j 


%alcd. 

0.025 

0.050 

0.075 

0.100 

0.150 

0.200 

0550 

Not! 

1.7588 

0.8541 

0.5375 

0.3791 

0.2249 

0.1572 

0.1179 

a„=10 

K=- 2 

s. Call 

0.512 

0.296 

0.220 

0.183 

0.146 

0.130 

0.120 

l.93±0.2 

!.61±0.09 

1.005 

lulated f 

2.1953 
1.0655 
0.6388 
0.4330 
0.2476 
0.1655 
0.1217 
=10 
a:- 1 
»»= 0 

0.483 

0.282 

0.206 

0.169 

0.136 

0.121 

0.114 

i89±0.35 

.94±0.09 

1.007 

ration (2 

2.9623 
1.6310 
0.8700 
0.5343 
0.2732 
0.1746 
0.1258 
a„=ll 
K= 1 

:)■ 

0.440 
. 0.282 
0.192 
0.152 
0.121 
0.110 
0.104 
.19±2.2 
.33±0.3 
1.027 

3.2625 

1.9158 

0.9689 

0.5921 

0.2817 

0.1785 

0.1270 

0^=11 

1 

0.427 

0.287 

0.188 

0.149 

0.117 

0.106 

0.101 

.39±15 

.18±0.13 

1.025 

'3.7629 

1.7630 

1.0294 

0.6338 

0.2857 

am = 12 

K= 1 

(Ty= C 

0.442 

0551 

0.181 

0.143 

0.109 

!.16±1.0 

.16±0.16 

1.011 


TABLE 8 

Ba-volkonskoite + KCl 













Concen- 
tration of 

Content i 
0 1 

Df alcohol in aq 
10 1 

neons aiconoi s 
» 1 

olution 

(in weig 

7 

0 

NaCl (in 
g-equiv/| 


ycalcd.j 


/calcd. 1 


ycalcd.j 


y calcd. 


ycalcd. 

0.025 1 
0.050 

0 075 
0100 

0 150 
0’500 
0.250 

0.1954 

0.1796 

0.1654 

0.1560 

0.1421 

0.1315 

0.1220 

Um=® 

a:=6 

ITj, = 0 

0.68 

1 1-32 

1 1.90 ■ i 

2'.85 

358 

1 3.66 
i.62±055 
.38±0.12 
.11 

0.2151 

0.2005 

0.1868 

0.1808 

0.1666 

0.1441 

0.1321 

(Ty = C 

0.87 
1.41 
1.92 
2.14 , 
2.66 
3.50 

1 3.94 
l.82±057 
,.08±0.16 
1.11 

05848 

0.2549 

0.2273 

0.2150 

0.2104 

0.1906 

0.1643 

o„==8 

Ar=5 

(rj,= 0 

1 0.66 
1.53 
2.32 
2.68 
2.81 
3.39 

1 4.15 

1.90±0.66 

.38±0.26 

1.27 

0.3731 ' 
0.3372 
0.3064 
0.2860 
05598 
0.2392 
0.2055 

Om=8 

1 a:=4 

(7„ = C 

1 

0.81 

1.59 

2.26 

2.71 

358 

3.73 

1 4.46 
l.93±0.3 
L66±0.12 
1.14 

0.4255 

0.4002 

0.3791 

05210 

0.3015 

o„ = 8 

Ar = 4 

ay = C 

1.16 

1.59 

1.95 

2.94 

357 

l.40±1.16 

i.l3±0.36 

1.22 


Note. Calculated from eq. (4). 
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TABLE 9 

Ba-volkonskoite + KCl 




At lov/ concentrations the ratio « 2. vrith rising concentration it increases; consequently, the 

limiting relative error x is increased in Equation (2) by a factor of approximately 1.5, and in Equation (4) by a 
factor of 5 in relation to the experimental error. 

In the exchange of Ba-volkonskoite + KCl the ratio 100 Q/a at low concentrations is close to unity, so 
that the calculated errors x for this system are greatly increased. However, it is difficult to attribute the ^ap- 
pUcabiUty of Equation (4) to the system Ba-volkonskoite + KCl in a solvent containing 30 and 50 weight--^ 
alcohol to *e increase of the experimental error during the calculation. 

A comparison of the calculated data shows that neither the dielectric constant of the solvent nor its 
chemical character influences the value of the maximum adsorption. The difference in its values, calculated 
during investigation of the exchange in different media, fluctuated within the limits of experimental errors. 

The fall in the K of exchange with increasing content of alcohol in aqueous alcohol mixtures testifies 
to the increased exchange with falUng dielectric constant of the medium in the systems investigated. 
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SUMMARY 


1. The exchange of Ba- with Na’ and K- ions from aqueous, aqueous alcohol and aqueous dioxane solvents 
on volkonskoite was studied. 

2. The investigated quantitative laws of exchange of ions in mixed media are fully identical with the pte 
viously established laws of exchange in aqueous solutions. 

3. Satisfactory constancy of the maximum adsorption is maintained in different solvents with differing 
dielectric constants. 

4. The extent of exchange adsorption in the investigated systems increases with rising dielectric constant 
of the medium. 

.5. The difference in the values obtained for the exchange constants during adsorption of K- and Na’ sug- 
gests the possibiUty of utiUzing volkonskoite for the separation of those cations. “ 

ever, that &e formation of potassium - or sodium -volkonskoite creates layers which are difficulty permeable 
by solutions. 
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THIOCYANATE -HALIDE COMPLEXES OF DIVALENT MERCURY IN SOLUTION 


K. B. Tats)m.-:tky 


Tukhlov 


Halide complexes of divalent mercury have been the subject of fairly detailed study, whereas the 
thiocyanate complexes, in particular HgCNS+ and Hg (CNS)* have been rather neglected. As far as. wc- know, 
no attention has been given to the possibility of existence of mixed thiocyanate -ha hde comple..xef o meicuiy 
or to their stability. 

For the purpose of determining the stabihty of the complex HgfCNS)^ in solution and for establishment 
of the conditions of formation and evaluation of the stability of some mixed thiocyanate -halide complexes 
of mercury, we made a study by the optical method of the equilibria in the systems: 

Hg(N03)2-KCNS-Fe(N03)3-KCl and HgiNOsja-KCNS-FefNOslj- KBr. 

EXPERIMENTAL 

The following starting solutions were used: 0.05 M solution of HgfNOa)^. 0.1 M solution of KCNS, 0.3 M 
solution of FefNOj), and 0.1 M solutions of KCl and KBr. All solutions were prepared from chemically pure o: 
pure "foi -analysis grades. The concentration of the solutions was determined by the usual methods of gravi- 
metric and volumetric analy.sis. Mixtures each with a total volume of 50 ml were made up for iEves'tigation. 

Eight series of experiments were carried out to study the above-mentioned equilibria. In each series 
mi.xturls were originally prepared that co.ntained only ferric nitrate and potassium thiocyanate; only FeCNS 
was then formed in the system according to the equation: 

Fe®+ +CNS'= FeCNS*+. (®) 

Due to the presence of excess ferric nitrate in the system, the possibiUty of formation of other iron-thio- 
cyanate complexes was substantially excluded. This was also confirmed by the constancy of the values_of the 
molar coefficients of extinction (e ) for a given wavelength (X) at various ratios of concentrations of Fe^ and 
CNS-. Hydrolysis in th.e invesUgated systems could not be at all significant, for the concentration of HNO3 in 
the solution wa,s 0.15 M. The ionic strength of the solution, due to HNO3 and FefNOsfj, was 0.35. 

The molar extinction coefficient of FeCNS*'"' was found from these experiments by measurement_of the 
optical density of solutions on the FM photometer with an effective wavelength of 496 mji or on the Konig- 
Martens sped lopho tome tei at X 560 mji and a cell length of 1 cm. All measurements were at 25 +1 . 

After determination of the molar extinction coefficient, which was equal to 3500 + 30 at .Xgff 496 mp 
and 2000 + 20 at 560 mp, mercuric nitrate was introduced into.System (a) in such amount that substantially the 
whole of the mercury was bound as metcuric thiocyanate; 

+ 2CNS~ = Hg(CNS)s. 

During this reaction part of the FeCNS®"' was decomposed due to displacement of the equiUbiium of (a) 
to the left. The minimum' value of the optical density (D') corresponds to this in Figs. 1 and 2. Formation of 
detectable amounts of Hg(CNS)s- was excluded since the equilibrium concentration of CNS in solution was 
very small due to the presence of excess ferric nitrate. 
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.a. 0»n of o, U,. f.., o.»P«oo.= " — 

ferric nitrate and potassium chloride (or bromide). The concentrations bromide were varied, 

constant in this experimental series, and only th. original concentrations of chloride or bromide 

In this case, apart from efluilibtla (a) and (b). we also have the equiUbriumf 
Hg(CNS), + 2X~ = HgXj + 2CNS . 

or even the equilibria: 

Hg(CNS), + X“ = Hg(CNS)X + CNS . 

Hg(CNS)X + X“ = HgX, + CNS“ 

where X = Cl or Br~. 

The thiocyanate displaced by the halide immediately gave fresh amounts of FeCNS , and the optica 
density (D) incteased,as seen from Figs. 1 and 2. 


(c) 


(II) 




II) C” =3-10"*M, C“ 

' Fe Hg 

C" _ =4-10'^M. \ „ = 496 mp: 
CNS eff. 

III) C“^ = 3 • 10'* M . Cj^g = 4.5 • 


C“ _=4-10 '*m; X „ = 496 m p: 
CNS eff. 

in C° =3‘10'*M, C° =9.0'10®M, 

' Fe Hg 

C»^^S-=4-10-^M.X^„_= 496 mp: 

III) Cj. = 3 • 10 ■* M, C" = 4.5 • 10'® M. 


IV) C“^ = 1,6 • lO"* M . C®^g = 2.4 • 10 * M, 
C® _e.6-10'®M. X = 560 mp. 


C® _=6.6-10'®M. C® =lM.X- 560 mp. 

CNS KNOj 

In addition to the above-mentioned equilibria. sUll another equiUbrium was developed in this complex 
system; . ^ . 

Fe»- .X-=FeX*^ (“D 

, rr-onM if wis showH that thc coloted complexes of FeCl*'*' and FeBt®'*' that were formed 

du J“ our O=oco....tl.™. dl.,.,. .h. opdcl don.lr, -Uoh «r Ore fod.d.rio. of .11 Od, 

calculations. 
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The dependence of the magnitude of the optical density in mixtures of HgfNOalj KCNS FefNOsls 
-KCl(KBr) on the amount of added chloride or bromide is plotted in Figs. 1 and 2.and the results are also 
presented in Tables 1-4. 

DISCUSSION OF RESULTS 

If we assume that equiUbrium (c) exists in the investigated mixtures after addition of the halide, then 
the equiUbrium constant can be written: 


rHg(CNS),1 [X-]® 

" [HgXj] [CNS1'= 

The "constant"calculated on the basis of this assumption changes by a factor of several tens orhun- 
dreds in the investigated range of chloride or bromide concentrations. This is clear evidence that the reac- 
tion does not go according to Scheme (c) but stepwise according to Schemes (I) and (II). 

Calculation of the stepwise equiUbrium constants confirms this assumption, since the equiUbrium 
constants in this case do indeed remain constant. 


The equilibrium constant ofReaction (I): 


^ r Hg(CNS)X][CN_S_:] (1) 

[Hg(CNS)2][X ] 

can be calculated if we know the initial concentrations of the starting reactants and one of the equilibrium 
concentrations. In the present case it is most convenient to calculate the equiUbrium concentration of *e 
thiocyanate since it is related in the simplest fashion to the equilibrium concentration of FeCNS which is 
directly determined by experiment: 

CFeCNS®+ (2) 

^CNS-" ^FeCNS®-^ - 

As the calculation shows, the equiUbrium concentration of iron in our experiments differs 

Uttle from the initial concentration (C® ^3+). The value assumed for the instabiUty constant of iron 
thiocyanate (K^ is 5- 10"® [1]. The concentration of the coloted complex was found from the 

generally known expression: 


^FeCNS®"^ “ el' 

where D is the optical density, e is the molar extinction coefficient, and l_is the length of the cell (m cm). 
By substitution in Equations (2) and (3) we find: 

^FeCNS®'^ (2; 


(3) 


Fe 


Since the expression 


will be constant for each series of experiments. Equation (2a) must finally ass.i,.., me lorm. 

C _ = a D. 

^CNS 

We find the equiUbrium concentration of Hg(CNS) X from the difference in optical density before ad- 
dition (D') and after addition (D) of the haUde. 

The concentration of the complex Hg(CNS)X will evidently be equal to that amount of thiocyanate 
which is formed as a result of displacement according to Scheme (I). Since part of the displaced thiocyanate 
is bound in the complex FeCNS*+ . it is clear that 


^Hg(CNS)X ■^SeCNS*+ ‘^FeCNS*+) ^^CNS ^’cNS 
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TABLE 2 

Equilibrium Constant of the Reaction Iig(CNS)j + Br ^ Hg(CNS)Br + CNS 


Expt. 

No. 

Optical 

density 

Initial Constant 

concentra- „ 

tion of bfo-! 

Ratio of complex forms (In lo) 


(D) 


Hx(CNS). 1 H*(CNS)Br 1 HjBr, 


C®„ = 3 • 10-2 M., 

1 0.910 1 

2 0.950 

3 0.975 

4 1.00 

5 1.03 


Cj:^=3 • 10-2 M., 

1 0.640 

2 0.680 

3 0.720 

4 0.750 

5 0.780 

6 0.900 


C?.-3-10-2m.. 

1 1 0.320 I 

2 0.360 

3 0.395 

4 0.430 


C^„ = 1.6 • 10-2 M., 

1 I 0.270 1 

2 0.350 

3 0.460 

4 0.580 


= 2.4-10-‘m.. C^f,s = 6.6.10-‘« 


Sg(CNS)* =^Hg*+ Sg(CNS)X. 

Substituting in Equation (6) the values of from (5c). we obtain: 

C = C" 2+ -(v + a) AD. 

Hg(CNS)2 Hg^^ 

If we substract from the initial concentration of halide the concentrations of mixed complex and it 
halide complex, we obtain the equilibrium concentration of the haUde; 

"'^Hs(CNS)X "SeX*-^ 


Taking (5c) into account. Equation (7) can be written: 

-(a + y)AD-Cp^j^2+ (7a) 

The last term of Equation (7a) is easily calculated from the expression for the equilibrium constant of 
Reaction (III): 
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"FeX* 


( 8 ) 


Th, v.lu„ of fh. co»..n» o, 0.. co™pto« of ““ 

(8) are taken from a paper by Rabinowitch and Stockmayer [2j and are equ p 7 

Substituting the expressions obtained for the equilibrium 
in the final form the calculated formula for the equilibrium constant ofReaction ( ). 

(y + a) AP-gP — . C 


Cl 

Kj =(4.0 + 0.3) -10 ^ 

„o f,.m fte d... of 0.. ..bl. .b.. .h. dl.,l.c,m.„. of d.«o,...» u'r.S’’ 

p,oco.d= .M.d, .. th. n,.. .tag. ofR.ao.101. (O "** pf.o.lon (I) U 

ohloiide. Even mot. dlffio“» “ *= Urge fnteival of chloride concenti.tlonB, To demonsnaie 

vety slightly complicated bjEeaetion (II) , ^h. tedolted concentt.Uon. of Hg(CNS).. 

thi? we calculated the ratio of the complex forms in percentages. 4 . r ^ fc^ \ was 

mci « H«C»S,Bt ..t. calcnlated a. the., above. The l.ltlal concentt.t.o. of metc.ty 

kno-n. The HgCl. co.c.nt.atlo. and the HgB.y conce.tt.tlo. wet. fo.nd from th. .t.pt.»lo. fo, die oo.«..t_ 
of Reaction (II) (see later). 

not mot. tha. 10» HgBt. la formed and w. obtained the «... v.Ine f.om a aet... of meaaut.me.Ut K, ■ 

(II). The equilibrium constant of Reaction (II) may be written. 


[Hg(CNS)X] [X ] ■ 

The equiUbrium concentration of thiocyanate was determined from Equation (4). Equauon (5^) is no 

r.frr.re'r.r'£r“^^^^ 

tions of the thiocyanate ion and ferric thiocyanate: 


Combining Equation (11) with (3). (4) and (Sb), we obtain: 


Since the concentration of Hg(CN% is vanishingly small, the equilibrium concentration of the mercury 
halide may be expressed as: 


Here it is no longer possible to ignore the formation of HgXj 
very high: 


1 


382 


The concentrations of HgXs 
ate set forth in Tables 3 and 4. 


d from tlie expression for the equilibrii 


Equilibrium Constant of theReaction Hg(CNS)Cl + Cl = HgCl* + 


Expt. optical Constant 

No. density chloride „Cl’ 

(D) (C°cin0^M)| 


Ratio of complex forms (in in) 


H*(CNS)a . H^CI, 


Combining Equation (12) and (11a) we obtain finally: 

‘^HgXj " '^Hg "^CNS- ^ ^HgX,'. 

Finally, we find the equilibrium concentration of halide by substtacting from its initial concentra 
lounts going into the composition of the complex compounds: 


'HgXj ^Hg(CNS)X ‘^FeX*'' ^HgX, . (13) 


Inserting in Equation (13) the val 


irrangements, we obtain: 


Here we substitute the values derived for the equilibrium concentrations in Equation (10) and we obtain 
the following final expression for the equilibrium constant ofReaction (II): 


(14) 



The values of constants calculated from Equation (14) arc set lorlii in Tables 3 and 1. 

With increasing concentration of chloride in tlie mixtures, the optical density only rises up to a certain 
limit and then starts to fall (an example is Experiment 4, Series III in Table 3). We assume that in this case 
the amount of FeCNS*'^ formed by displacement of thiocyanate according toReaction ^II) is smaller than tiat 
undergoing decomposition according to the reaction: FeCNS*'*' Cl - FeCl + CNS . 

Experiments on this step Were abandoned since calculation according to Scheme (II) would have been 
extremely difficult. 

From the data of Tables 3 and 4 we find the mean values of the constants = (1.4 + 0.2) • 10 and 
Kjj = 0.34 + 0.04. 

The values obtained for the equilibrium constants ofReactions (I) and (II) enable us to calculate the in- 
stability constants of the thiocyanate -halide complexes and of rrietcuty thiocyanate. For this purpose, we 
multiply and divide the right-hand side of Equation (1) by [CNS ] and the right-hand side of Equation (10) by 
[X~]. We then obtain a slightly different expression for the equilibrium constants ofReactions (I) and (II). 

. . _^a(CNSii_ (15) 

^I “ K 

Hg(CNS)X 

^ ‘<Hg(CNS)X (16) 

“ "^HgXj 

”»“• ''Hg(CNS),- V(C«S)X ““ '^HgX. “ 


TABLE 4 ♦ 

Equilibrium Constant of the Reaction Hg(CNS)Br + Br” = HgBtj + CNS" 


Expt. 

No. 

Optical 

Initial con- 
centration 
of bromide 
C|j-10® M) 

Constant 

Ratio of complex forms (in % 

density 

(D) 

iqi 

Hj(CNS)Br 

H?Br, 

HgBr^ 

1 

1.13 

24 

0.26 

53 

45 

2 

2 

1.14 

36 

0.29 

38 

57 

5 

3 

115 

40 

0.34 

31 

63 

6 


1.17 

48 

0.45 

22 . 

71 


1 

1.03 

24 

Series II 

0.23 

63 

36 

1 

2 

1.08 

1 36 

0.28 

45 

52 

3 

3 

1.10 

I 42' 

0.30 

37 

58 

5 

4 

1 

! ' 48 

0.33 

31 

• ■ 63 

6 

1 

1 0.530 

12 

Series III 

1 0.37 

1 55 

1 44.4 

1 0.6 

2 

0.550 

1 

039 

38 

1 '’‘’• 

2 

1 

0.740 

45 

Series IV 

0.34 

71 

28 

1 

2 

0.810 

60 

0.47 

52 

45 

3 

3 

0.850 

75 

0.43 

43 

52 

5 

4 

0.900 

120 

0.41 

27 

61 

12 

5 

0.917 

150 

0.39 

22 • 

61 

17 


Taking for the instability constant of mercuric chloride 6.0- 10"**. and for mercuric 

bromide (K ) the value 4.7 • 10'“. as repotted in the literature [3]. we find from Equation (13) the in- 
stability constants of the thiocyanate -chloride complex Kj^g(CNS)Cl ^ thiocyanate -bromide 

complex KHg(c^S)Bt = ^-® 

• For initial conditions see Table 2. 
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The above values of and Kj^g(CNS)Cl’ substitution in Equation (15). enable us to find the 

magnitude of the instability constant of mercuric cyanide: *^jig(Qi.(S)2 ” 

cTiuP for K a value of 7.5- 10 Of the two values 

tions with utilization of and give tor K^g(CNS)j 

of K obtained by different routes, we consider the value of 3.4' 10 “ to be the more trustworthy. 

Hg(CNS)2 

The results of the present investigation undoubtedly confirm the existence in aqueous solution of mixed 
thiocyanate -halide complexes capable of existing in presence of a large excess of halide and distinguished 
by great stability. 

The literature data for mixed complexes of mercury are also consistent with the existence of mixed 
mercury thiocyanate -haUdes. Thus, for example, a study of the Raman spectra of mixtures of alcoholic 
solutions of HgBrj and HgCl^. HgBr and Hg(CN)^. HgCl, and Hg(CN)^ by several authors [4, 5] revealed the 
presence of halide and cyanohalide complexes HgClBr. Hg(CN)Br and Hg(CN)Cl. 

There ate indications that Hg^^ forms stable mixed pyridinosaUcylate complexes [6]. etc. 

Unfortunately, there are no data for the stability of mixed complexes of mercury (or for many other 
complex formers) in aqueous solutions; such data would have enabled us to analyze the character of their 
stability and formation. 

It is interesting to note that in the compounds Hg(CNS)Br and Hg(CNS)Cl the chemical affinity of 
the addends in aqueous solution is greater than the suA of the individual mean values of chemical af- 
finity of the addends in the simple complexes of HgBtj and HgfCNS)^ or HgCl^ and Hg(CNS)2. A similar 
feature of pyridinosaUcylate complexes of copper was pointed out by A. K. Babko [7] in a study of the con- 
ditions of their formation. 

The stabiUty of HgfCNS)* was found to be similar to that of HgBr^. This is fully understandable in 
the Ught of the fact that the most important properties of the addends Br and CNS , such as charge, r^us. 
heat of hydration.and electron affinity of their constituent atoms or atomic groups, are idenucal The 
value of the instabiUty constant of Hg(CNS)2 that we found is very different from the value of 2 • 10 given 
in the Uterature [9]. 

The results of the above investigations can be utilized for selection of optimum conditions of mercuri- 
metric determination of CNS" and also of mixture of Br~ and CNS . 


SUMMARY 


1. A study was made by the optical method of the equiUbrium in the systems: HgCNOsl^-KCNS 
-Fe(N03)3 - KCL and Hg (NOjli - KCNS-FelNOj), - KBr. The stepwise character of the reaction 
Hg(CNS)2 + 2X-= HgX2 + 2CNS- (where X = Cl" or Br”) was demonstrated; in this reaction the formation 
in solution of mixed thiocyanate -haUde complexes Hg(CNS)Br and Hg(CNS)Cl was estabUshed. 

2. The equiUbrium constants of the following reactions were found: 

Hg(CNS)2 + Cl"= Hg(CNS)Cl + CNS", = (4.0 + 0.3)- 10"®; 

Hg(CNS)Cl + Cl- = HgCl* + CNS- = (1.4 + 0.2)- 10"®; 

Hg(CNS)2 + Br-= Hg(CNS)Br+ CNS-.Kj'= 4.7 + 0.7; 

Hg(CNS)Br + Br- = HgBtj + CNS”, I^' = 0.34 + 0.04. 


3. The values of the instabiUty constants of the complexes Hg(CNS)Bt. Hg(CNS)Cl and_Hg(CNS)2, 
e determined: K^g(CNS)Bt " I'®' 1°"“’ V(CNS)C1 = \g(CNS)2 " ' 
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DETERMINATION OF THE SOLUBILITY OF Co[Hg(CNS)4] 


I. M. Korenman, F. R. Sheyanova and M. N. Baryshnikova 


Ammonium tetrathiocyanomercuroate has found wide appUcation in qualitative and quantitative analysis 

[1-13]. It is employed for precipitation of salts of some divalent cations, such as Co", Cd , Gu , Zn and 

others," in the form of Me[Hg(CNS)4]. The study of the properties of compounds of this type, and in particular 
their solubiUty, is of undoubted practical and theoretical interest. 

In the present research we studied the solubiUty of Co[Hg(CNS)4] . In the Uterature on this subject we 
found only one paper, by B. V. CuveUer [14], which described the determination of the solubiUty of cobalt 
tetrathiocyanomercuroate in water and in aqueous solutions of ammonium, potassium and sodium chlorides. 

His experimental technique was not distinguished by great accuracy and only permitted determination of 
solubiUty at relatively high temperatures (40 -60').^^ We investigated the solubiUty of this salt by the radio- 
metric micro method, using radioactive cobalt Co . 

The studies of I. V. Tanaev [15-17] have shown how important is the study of the solubiUty of pre- 
cipitated salts in aqueous solutions of electrolytes. 

Our problem was the determination of the solubiUty of Co[Hg(GNS)4] both in water and in aqueous 
solutions of some electrolytes in various concentrations and at various temperatures. We used a solution o 
cobalt "nitrate containing Co"* as radioactive indicator. The total concentration of cobalt in solution was 
10.8 mg/ml; 0.25 ml of this solution was treated with 0.25 ml ammonium tetrathiocyanomercuroate ». A 
blue crystalline precipitate of Co[Hg(CNS)4] quickly came down when the reactants were in these ratios. The 
precipitate was stirred, allowed to stand, and after a few minutes it was centrifuged. The mother Uquor was 
removed and the precipitate washed several times with water. The washed precipitate was transferred to a 
small beaker and 2 ml of the appropriate solvent was added. The beaker was placed in a jacketed vessel con- 
nected to a thermostat. The precipitate was stirred with a magnetic stirrer. 

The-experimental procedure consisted in preparation of a saturated solution of the investigated substance 
at the temperature of interest to us and determination of the radioactivity of a known volume of the saturated 
solution. This activity was compared with a standard possessing a known specific activity. 

We estabUshed the instant of saturation of the solution of cobalt tetrathiocyanomercuroate by withdraw- 
ing samples at definite time intervals (1 hour) and measuring their activity. Samples continued to be taken 
off until constant activity was attained; this point corresponded to saturation of the solution. The solubility 
was calculated from the formula: 

Ajj • 1000 

® ^ Asp. • 58.94 

where S is solubiUty of Cj [Hg (CNS)4] (mmol/l); \ is the activity of the amount of cobalt present in 
1 ml of saturated solution (impulses/min.)-, A^p^ is the specific activity of 1 mg cobalt (impulses/min.); 
58.94 is the atomic weight of cobalt. 

The error in determination of the solubility did not exceed 2-3<7o of the measured magnitude. 


* The reagent was prepared by dissolving 5 g HgfNOj)* and 5 g NH4CNS in 6 ml distilled water. 
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Results of determination of the solubiUty of cobalt 
tures are set forth in Table 1. Saturation of the aqueous solutions of Co[Hg(CNS)4] w 
the temperatures in question. 

Tlie temperature dependence shows that the solubility of the salt in water follows the general 
the majority of precipitates of difficulty soluble compounds. 

Solubility of Co[Hg(CNS in Water at Various Solubility of CofHgfCNS)^] in Solutions of Electrolyt 

of Various Concentrations at Id.t) 

Temperatures 


Temperature 

Solubility of Co[Hg(CNS)4] * 
mmol/l 

10' 

1,09 

20 

1.46 

30 

1.98 

40 

2.68 


TABLE 3 

Solubility of Co[Hg(CNS)4] in Solutions of Electrolytes 
of Various Concentrations at 20' 


7:;;;^;;;;r~rs 5ubiiity of co[Hg(CNS)4] (mmoi/TT 


0.00 1.25 1.25 1.25 I 1-25 

0.01 0.6 1.7 2.4 1.^ 

S:i0 w 2,2 12:2 I 1.6 


It is known that addition of foreign ions influences 
the solubility, the effect being the greater the higher 
the valence of such ions [16]. 

For the purpose of establishing how the solubility 
changed with the ionic strength of the solutions and 
with the nature of the solvent, we determined the 
solubility of cobalt tetrathiocyanomercuroate in aqueous 
solutions of a series of electrolytes. 

In the first series of experiments we determined the 
solubility of this salt in solutions of NH4CNS, NH4CI, 
NH4Bt and NH4NO3 of various concentrations at 13.5°. 
Saturation was attained in these solutions after 2 hours, 
just as in the case of aqueous solutions of Co[Hg{CNS)4]. 
Results are given in Table 2. In solutions of these 
electrolytes at all concentrations, the solubility of 
cobalt tetrathiocyanomercuroate is higher than in water, with the exceptionof ^ 0-1 N NH4CNS solu- 

tions in which the solubiUty was lower; this anomaly may be due to the influence of the shght excess of mono 
valent CNS' ion. 

The solubiUty of the salt under investigation depends not only upon the ionic strength of the solution but 
also upon the character of the electrolyte. Halogen-containing electrolytes raise the solubiUty of the salt. 

The hlehest solubiUty is observed in solutions of NH4Br. The increased solubiUty of Co[Hg(CNS)4] in solutions 
of halogen-containing compounds and in 0.5 -1.0 N solutions of NH4CNS is explained by the formation of com- 
plex compounds according to the scheme: 

Co[Hg{CNS)4] Co"-r-[Hg(CNS)4]" 

4X' 4X' 

it It 

l&X,].. lH!X,r^-4CNS', 


Concen- 
tration of 

Solubility of Cci[Hg(CNS)4] 
(mmol/l) 

lyte (N) 

KNOj I 

1 K,SO. K1H3(CNS),1 



1.46 1.46 

0.001 

1,49 

1.50 — 

0,005 

1.51 

1.55 — 

0.010 


1,92 0.120 

0.025 


2.25 0.084 


1.90 

2.64 0.064 

oiloo 

2.12 

3.15 0.050 

0.250 


— 0.057 

0.500 

2.77 

4,12 0.070 

1.000 

3.05 

5.02 ■ 0.106 


where X = CNS’, Cl’ or Br’. 


Similar experiments were undertaken with the objective of determining the solubiUty of cobalt tetra- 
thiocyanomercuroate in aqueous solutions of KNO3, K3SO4 and K3[Hg(CNS)4] at 20' (Table 3). Saturation 
in these atiucous solutions was aiiaincd in 3 hours. 

The following conclusions can be drawn from the data of Table 3: 

The solubility of cobalt tetrathiocyanomercuroate in solutions of potassium sulfate and mtrate increases 
with increasing concentration of electrolyte. SolubiUty in potassium sulfate solutions is higher than in po as- 
sium nitrate .solutions of the same concentration. The reason is that at identical concentrations the ionic 
strength in potassium sulfate solution is higher than in potassium nitrate solution. 

The total ionic concentration appreciably influences the solubiUty of the cobalt salt. In 0.1 N solution 
of K, [Hg(CNS)4] a minimum value of solubiUty is observed. Consequently, in order to achieve more com- 
plete precipitation of Co[Hg(CNS)4] it is necessary to have excess (0.1 N) of potassium or 

cyanomercuroate. Solubility in the K3[Hg(CNS)4] concentration range of Vi r 10 I k HuTSs? 1 

concentration of the total ions in solution. The rise in solubility in the interval of 0.1 to 1.0 N K^tHgfCNS)^ 
may be explained by the rise in ionic strength of the solution. 

When salts of cobalt are precipitated with ammonium or potassium tetrathiocyanomercuroate, the solution 
above the precipitate nearly always contains a slight excess of ions capable of influencrng ‘^tJrfd 

precipitate Similar equilibria between the soUd phase and the electrolyte solution is frequently encountered 
in practice; it was therefore of interest to investigate the system 

Co [Hg (CNS)4 ] - KjS 04 - Kj [Hg (CNS)4 ] 

and to follow the change of solubility of Co[Hg(CNS)4] as a function of the concentration of one component or 
the other. 

We determined the solubility of CotHg(CNS)4] at 20' in solutions with a constant ionic strength (p) but 
with various ratios of components, and also in solutions of various ionic strengths with identical ratios of com- 
ponents (Table 4, Fig. 1). 


TABLE 4 

Solubility of Co[Hg(CNS)4] in Solutions of K2S04- 
-Kj[Hg(CNS)4] with. Various Ratios of Components at 


TABLE ,5 

Activity Coefficients of ColHg(CNS)4] iaDilute Solu- 
tions of KNO3 and K2SO4 


Total 
concen- 
tration of^ 


I Solubillty of Co[Hg(CNS)4](mmol / 1 ) 


Concen- , 
tration of| 
electro- 
lyte (N) 


Mean activity coefficients 
of Co[Hg(CNS)4] in solutions of 


0.000 

0.001 

0.002 

0.005 

0.010 


Curves A^C, A3C3, A3C3. A4C4. A3C3 in Fig. 1 show the change of solubility of the salt in pure solutions of 
K,[Hg(CNS)4] and in mixtures of identical percentage content of components. Each of these curves h 
Sim a^l point with an ionic strength of about 0.15, which corresponds to a total ° ~ ^ 

of the components in the mixtures. This confirms the above suggestion that it is desirable to take a 
cess of precipitant for precipitation of cobalt tetrathiocyanomercuroate. Curves A1A5. BjBs and CA show th 
change of solubility in mixtures with identical ionic strength but differing ratios of components. 

With falling percentage content of total ions in the mixtures, the solubility increases. Similar data were 
obtained also in the case of the system Co[Hg(CNS)4]-KNO, K2[Hg(CNS)4] (Fig. 2). 


r 




Some of the data in Table 3 on determination of the solubility of Co[Hg(CNS)4] in water and m dilute 
solutions of potassium nitrate and sulfate are plotted in Fig. 3 *. These permitted calculation of pro- 

duct and of the mean activity coefficients of CofHgfCNSW- As we see from Fig. 3. in the region of 
conformity with the law of ionic strength, the solubility of cobalt tetrathiocyanomercuroate in solutions of potas 
slum sulfate and nitrate of identical ionic strength is substantially constant. 


Solubility in solutions of zero ionic strength, calculated from the graph, is 1.25 10 mol/1. Consequ y, 

the activity product P = (1.25 • - 1.5 • 10;‘. Using the values of P and S of the »lt^der investigation, 

we calculated the mein coefficients of activity (Table 5) according to the formula; f - V Pa /;> . 


With increasing ionic strength of solution the activity coefficients decrease. 


SUMMARY 

1. The solubility of Co[Hg(CNS)4] in water was 
determined as a function of the temperature. 

2. The solubility of CofHgfCNS)^] was determined 
in solutions of a series of electrolytes at 13.5 and 20°. 

The solubility of this salt was shown to be dependent 
upon the ionic strength of the solutions, and upon the 
nature and ratios of amounts of salts present in the 
solvent. 

Halogen-containing electrolytes considerably in- 

Fig. 3. Solubility of Co[Hg(CNS)4] in dilute solutions djg solubility due to complex formation, In pro- 
of KNO3 and KaSO^. jence of monovalent ions the solubility is considerably 

lower than in water. Optimum conditions were found 
for precipitation of cobalt by a solution of ammonium tetrathiocyanomercuroate. 

3. Calculation of the activity product of Co[Hg(CNS)4], gave a value of 1.5- lO'®; the mean activity coef- 
ficients of this salt in aqueous solutions of potassium nitrate and sulfate were also calculated. 
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STRATIFICATION IN TERNARY SYSTEMS WHEN THE COMPONENT BINARY 


SYSTEMS ARE HOMOGENEOUS 
, L . K I ]j p a I Ji i n 


The motalem, of ihe developmenr of Uyenng ,r, re^oary systems whose component binaries are all homoge- 
neous was raised Iona ago in the literatme 11]. The w.tem water phenol -acetone with an upper ternary critical 
point has been cired°[2] as an. e.«mple of such a case n, .onheimal sections of this system, existing ^tempera- 
tures above the critical birary layeH-ag -ystem wate.-phenol but below the ternary critical point, a layering re- 
gion exists when all die binA.vy systems are homogeueous at these temperatures. Qa lowering the temperature how- 
ever, the layering isorlie.-ms a.re corcermic ally widened and teach the side of die system water-phenol, and then 
layeting is developed in. the latter. Conseouen.ly, the regions of layering of the ternary and bm.ary system oyer- 
lap arid tbe.tef ore the system water -phenol -acetone does not belong to the type of ternary systems under considera- 

Nevertheless it is possible In principle to develop layering in a ternary system when layering is entirely ab- 
sent from anv given pair' of the components at a.oy temperatures. The objective, of the present investigation was 
to investigate Lch a case, to elucidate the causes of layer formation and to establish the conditions for prognosis 
of ternary systems of the types in question. The .system selected for this investigation, was antipyrine -chloral 
hydrate “Watei. 


f..xp;e;rim.ental 

The following subsTances were used: chloral hydcate ( pharmacopeial) with ro.p. 48'; antipyrine (pharma- 
copeia!) with ro.p. 113':: 3Kd wate.., twice distilled. The bina.ry systems eDtering into the three -component sys- 
tem have the following charactetisiics; 

Cvwern chloral hvdrate - antipvane ( X - A) was investigated by the fusion method [3], It was found, to 

.POthH cLpound X.A melts at 61.8' and contains 36.307o 
antipyrine; Compou.r.d XA melts at 62.3“ and coDtains 53.307o antipyrme. The system chloral hydrate antipyrine 
predominates in the system chloral hydrate -attipyrine - water. 

The chloral hydrate - water was studied i.a the course of investigation of the binary system chloral- 

water by the fusion [4] and viscosity [5] method^. The fusion curves of the system chlo,,a.l - water ^ 

presence of 3 compounds in which 1 molecule of chloral was associated with respectively ^ ‘ ^ , _ 

Les of water. Consequently in the system chloral hydrate - water the fusion diagram recorded one “nipound 
the lieptahydrata (melting a.t -1.4') . But o- the viscosity carves of the system, chloral - water, already at 50 
only one compound is reflected - chloral hydrate. Thus, in the liqihd phase of the system chloral hydrate water, 
neither the heptahydrate nor other compounds are detected, fo. the system chloral - water Ae 
40-60 mol-‘7v chloral stratifies on heating to 175-190' [6]; hence at lower temperatures, at winch stratification 
occurs in the ternary system, die system chloral hydrate - water is close to Ae stratification pomt, i.e. it is in a 
latent stratified, state [8], 

The system, antipytine - water was studied in Ae present work. The solubility of antipyrine in water was 
detern^^uri^TSTT^IT^ are presented in Table .1. and plotted in Fig. 1. The diagram, shows that 
the crystallization curve of aniipyrine has a nearly horizontal portion at a temperature of about 80 over 
stretch of 30 to 70<7o antipyrine, which is characteristic of systems with metastable layering [7] or of systems ex 
isting in the latent-layering state [8]. An. attempt was therefore made to detect layering. WiA Ats objective. 
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confining 30. SO »<1 00* ..apylnc .... hCcO .o ISO" ..rf 
r.c™..llb...lon l.c.. » lO". In no c.e, howcc, .« Lyclng n..nl Ocd. Con„,o.n.ly. 

been demonstrated that the system antipyrlne - water is a system of the latent-layer ng yp . 



Fig. 1. Crystallization in the system antipyrine -water. 

T ernary system antlpytine - chloral hydrate - water. This was investigated by the s tratificatlim method 
of V F Alekseev [9]. The boundaries of the stratification region were established by study of the polytherm c 
sections fof the prism of the ternary system, extending from the water edge to the boundary of the system anti- 
pyrine - chloral hydrate. Five cuts with 25.0. 36.3, 45.0, 53.3 and G 5. 0<7c antipyrine were investigated The 
data so obtained are collected in Table 2, and the stratification polytherm is plotted m Fig. 2 in which the num 
bers designating the polytherms increase with increasing percentage of antipyrine in the cuts. The cuts con a 
Ing 36.3 and 53.3<yo antipyrine pass through the compositions of the compounds of the system antipyrine chloral 
hydrate Fig. 2.shows that in nearly all the cuts the solubility of the liquid mixtures of antipyrine with chloral 
hydrate in water is approximately the same and amounts to about ^ of the mixtures. Only in Cut V does it 
reach 30%. Conversely, the solubility of water in the indicated mixtures varies considerably, changing from 25% 
water in Cut IV to 65% in Cut I. In all the cuts, apart from the left branch of the second polytherm. rise of temp- 
erature does not significantly change the reciprocal solubility of the liquids; therefore the solubility curves are 
neatly vertical. On the other hand, in the vicinity of the temperature of complete mtscibility of the liquids, the 
solubility depends markedly upon the temperature; hence the maxima of tlie polytherms are very flat and the 
polytherms acquire a certain angularity. These maxima rise from Cut I to Cut IV and then start to fall; Cut 
is therefore the highest cut of the system. A critical line can be drawn through the maximum points of the 
polytherms. Its projection on to the triangle of composition is represented in Fig. 3. Curve 1,K,2. It has a turn- 
ing point K on the cut corresponding to the system antipyrine - chloral hydrate on the composition of compound 
XA. Therefore the critical line reflects the formation of a compound in the predominant system. 



Fig. 2. Cuts through the ternary system 
antlpytine - chloral hydrate - water. 
Explanation in text. 


TABLE 2 

Polytherms of the System Antipyrine - Chloral Hydrate - 
- Water 



Cut n , 

Cut m 

Cut IV „ 

CutV 

25%,75%* 

36.3%,63.7]jl 

:,45‘7i>,55%* 

53.3%, 48.7% 

65%,35%.. 

a j b 

a . b 

a 1 b 

a j b 

a b 


Note: a) Water content (in wt. %) ; b) stratification temp.; 
• % antipytene, % chloral hydrate 
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From the plotted polytherms were constructed 
4 solubility isotherms of the system antipyrine - 
chloral hydrate - water at temperatures of 45, 60, 

70 and 80” (Fig. 3) ; they constitute closed con- 
centric curves, diminishing in size with rising tem- 
perature. In this three-component system, we con- 
sequently have an upper ternary critical point K 
corresponding to 21.3% antipyrine, 18.7% chloral 
hydrate and 60.0% water and a temperature of 88°. 

It coincides with the inflection of the critical line 
and is located in the cut corresponding to the sys- 
tem antipyrine — chloral hydrate on the composi- 
tion ofcompound XA. All the isotherms have 
minima of reciprocal solubility of the liquid phases 
which occur in the same cut on the compound of 
Composition XA; it is thus confirmed that the latter 
exists in the liquid phase of the system. The com- 
pound of composition X^k is not reflected on the 
stratification isotherms. 


Fig. 3. Solubility isotherms of the ternary system anti- 
pyrine -chloral hydrate — water. 

Explanation in text. 


It was observed above that in all the poly- 
thetmal cuts the stratification curves are nearly 
vertical. With falling temperature they do not 
approach any of the boundaries of the components 
of the binary systems, since the latter are then 
homogeneous. Consequently, tlte surface of stratification of the ternary system is not associated vrith an upper 
region of stratification of the system chloral hydrate - water. The temperature interval Ibetween them is high - 
of°the order of 100°. Hence, tlie region of stratification of the ternary system is not a continuation of the region 
of stable stratification of the components of the binary systems. 


The surface of stratification of the ternary system might have been developed as a continuation of the plane 
of metastable stratification of the component binary systems as a case of transition of the metastable equilibrium 
between the liquid phases and the stable phase. A similar transition was also realized [10], and in the present 
ternary system it could be suggested that it proceeds from the boundary of the system antipyrine - water, since the 
slope of its crystallization curve could be governed by tlie existence of metastable stratification in this system. How- 
ever, as described above, tliis stratification was hot detected; this route to the development of stratification in the 
present system does not exist. 

One of the causes of development of stratification in a ternary system with homogeneous boundaries is the 
formation of a chemical compound (or complex) which is present in the liquid phase in its predominating binary 
system. This condition is essential but is not in itself sufficient. The interrelations of the predominating system 
with the third component may be such that the latter and the chemical compound have unlimited solubility in 
one another, in which event stratification does not occur in the ternary system when its binary systems ate homoge- 
neous This is observed, for example, in the homogeneous system allyl mustard oil - aniline - toluene, which was 
investigated by N. S. Kurnakov and I. K. Kvyat [11]. In this case in the predominating system allyl mustard oil - 
aniline the compound allylphenylthioutea is formed which has unlimited solubility in toluene; hence the second 
cause of development of stratification in ternary systems of the type considered is a character of its interrelations 
widi the predominating system containing the third component, such that the compound formed and the third com- 
ponent have limited solubility in one anodier . 

The limited solubility of the compound of the predominating system dependsupon the properties of the comr 
pound and the solvent. It is closely bound up with tlie character of the interaction of tlie solvent. with the predom- 
inating system, and consequently it also depends upon the character of, the remaining two subsidiary binary systems. 
If the systems (containing. one component in common) are close to stratification, then the strong mutual reactioii 
of their second components leads to weakening of the Interaction in the. subsidiary, systems and mixtures of the re.-, 
acting binary system with the third component. Moreover, in proportion to Increasing intensification 
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of interaction in mixtures of the predominating system, the reaction is weakened between those mixtures and the 
third component. This process of progressive weakening of the bond proceeds from the planes of the binary sub- 
sidiary systems inside the prism of the ternary system and leads within It to such an interaction between the com- 
pound of the reacting binary system ( and mixtures close to it) and the solvent that they have limited mutual solu- 
bility. Consecprently, the deyelopment of a region of stratification in a ternary system containing homogeneous 
binary systems is governed by the behavior of the subsidiary, latently stratified systems as stratifying systems ( which 
was previously observed [8]) and by interaction throughout the whole ternary system. 

The above -described scheme of the phenomenon Is not universal, but it is confirmed as one of the schemes 
in the system antipyrine ~ chloral hydrate — water. Its subsidiary systems antipyrine “ water and chloral hydrate — 
water are close to the stratification point ( the latter at the temperatures of stratification in the ternay system) , 
while In the predominant system antipyrine - chloral hydrate a compound of the Composition XA is formed which 
is present in the liquid phase. Compound XA and water have limited mutual solubility. 

Certain conditions for prognosis of ternary systems, in which stratification occurs while the component 
binary systems are homogeneous, follow from the above considerations. The first requirement is that a compound 
(or complex) should be formed in the predominating system of the particular ternary system; secondly, one or two 
of the binary subsidiary systems should show symptoms of latent stratification (for example, nearly horizontal 
lengths on the crystallization curves) . When these conditions ate satisfied, we can expect the development of 
sttadficatipn in. ternary systems, where binary component systems ate homogeneous. The paper recently published 
by E. F, Zhuravlev with a similar theme [12] does not conflict with the data of the present paper. 

SUMMARY 

1. A study was made of crystallization in the system antipyrine “water, and a large, neadiy horizontal 
length was observed on the crystallization curve of antipyrine. No stratification was observed in it either in the 
stable or metastable state. 

2. A study was made of the equilibrium of the liquid phases in the ternary system antipyrine - chloral 
hydrate - waterj within the prism of this system was detected a region of stratification with an upper ternary 
critical point while the component binaty systems were homogeneous. 

3. The causes were established trf the development of stratification in ternary systems with homogeneous 
binaries, and some conditions for prognosis of such ternary systems were formulated. 
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PHYSICO-CHEMICAL INVESTIGATION OF SYSTEMS CONTAINING 
DIOXANE 

vm. THE SYSTEM SULFURIC ACID - DIOXANE 
Ya . F . Mezhenny 


In our previous papers we described the results of Investigations of dioxane solutions of aluminum bromide 
[1], sulfur trioxIde [2], pytosulfutic acid [3], phosphorous acid [4], and hydrogen chloride [5, 6]. In the present 
paper we consider the system sulfuric acid - dioxane. 

A. E. Favotsky [7] had already established that on reaction of sulfuric acid with dioxane the dioxanate of sul- 
furic acid is formed. A. E. Favotsky isolated tliis compound and determined its composition and melting point. As 
far as we know, however, the fusion diagram of the system dioxane - sulfuric acid has never been studied. The 
starting substances in the present investigation' were dioxane with m.p. 10.7“ and sulfuric acid with m.p. 10.6 . 

Thermal analysis of the system sulfuric acid - dioxane. As we see from the diagram, the fusion curve de- 
scends to 69 mol - io HjS 04. Its further plotting had to be abandoned due to the considerable experimental 
difficulties associated with rising viscosity and change of color to brown. The diagram clearly indicates the ex- 
istence of only one compound of diexane with sulfuric acid, corresponding to the composition HiS04.- C4H,iPj. A 
compound of the same composition was established by an entirely different method by A. E. Favotsky [7]. The 
melting point of this compound on our fusion diagram is lOO-lOU. Favotsky *ports a melting point of 101 for his 
compound, We also established a eutectic point on the diagram corresponding to 14 mol-'7o sulfuric acid with a 
crystallization temperature of, approximately 5°. 



Diagram. System sulfuric acid - dioxane. 

I) Melting point, U) specific electrical conductivity. 

• With variations between 0.9 • 10‘* and 1.5 • 10"*; 


Electrical conductiyity of the system sulfuric 
acid- dioxane. Measurements were made with 
addition of dioxane to pure sulfuric acid as well 
as of sulfuric acid to dioxane. Due to the cir- 
cumstance that over a wide concentration inter- 
val at room temperature' the system dioxane - sul- 
furic acid is in the solid state, it was necessary 
to deviate rather widely from the previously se- 
lected temperature conditions. The sulfuric acid 
at 25” had the specific electrical conductivity ; 
ic= 1.64 • 10"* . According to the measurements 
of M. Usanovich [8, 9] the specific electrical 
conductivity of the acid at 25” is 1.17 • 10 • . 

We see from the diagram that sulfuric acid in 
dioxane at low and even quite high concentrations 
has a relatively low specific electrical conduc- 
tivity with a maximum shifted toward the sulfuric 
acid, i-e. into the region of dilute solution of the 
compound H2S04.- C4H A in sulfuric acid. 

Our results for the electrical conductivity of 
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solutions oi sulfuric acid 


dioxanc, converted to equivalent electrical cmductivity, arc ^iven ai iab*e 1. 


Table 1 

Equivalent Electrical Conductivity (A) oi Solutions of 
Sulfuric Acid in Dioxane 


TABLE 2 

Cryoscopic Investigation of the System Sulfuric 
Acid-Dioxane.( Dioxane sample G = 6,629 g) 


Temperature 

Concentration 
(g-equiv. /liter) 


Weight of sulfuric 
acid ( g) in g 

At 

60° 

36.20 

3.74 

0.7394 

4.20 

25 

36.20 

1.422 

0.9943 

6.20 

25 

28.02 

0.796 



20 

2.48 

0.0238 




We see from the data of Table 1 that within the sulfuric acid concentration range of 36 to 2.48 g-equiv./l , 
the values of ^ are between 3.74 and 0.0238, the values falling steeply with dilution. At a concentration of 
1.1 g-equiv./l the value of X is of the order of only 10"®. Consequently, sulfuric acid in dioxane is a weaker 
electrolyte than acetic acid in water, since at a concentration in water of 1 g-equiv./l, the X of acetic acid = 1.32. 

Cryoscopy of sulfuric acid in dioxane. Measurement of the electrical conductivity of dilute solutions of 
sulfuric acid in dioxane does not give grounds for classifying it either as a strong or weak electrolyte. This con- 
clusion was checked by cryoscopic measurements of solutions of sulfuric acid in dioxane, results of which appear 
in Table 2. 

These data showthat cryoscopy likewise does not indicate the existence of simple ions of sulfuric acid. 


SUMMARY 

1. One point corresponding to the complex compound H2SO4 '0411802 with m.p. approx. 100° was found from 
the fusion diagram of the system dioxane- sulfuric acid. 

2. The specific electrical conductivity of this system is insignificant at low concentrations of sulfuric acid, 
and it rises with increasing relative amount of sulfuric acid. The curve of composition versusKof this system has 

a maximum which is very strongly displaced in the direction of sulfuric acid and falls steeply on transition to pure 
sulfuric acid. 

3. The molecular weight of sulfuric acid in dioxane determined by the cryoscopic method is higher than 
that theoretically expected. 
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INVESTIGATION OF COMPLEX FORMATION IN THE SYSTEM ALUMINUM 


CHLORIDE - UREA - WATER BY THE METHODS OF PHYSICO-CHEMICAL 
ANALYSIS 

B. Ya. Rabinovich* 


Crystallization from aqueous solutions gives complex compounds of some trivalent metals witii urea whose 
composition corresponds tothe general formula [Me( CaN2H4)6]X3. This type of compound has been described 
[1] in the case of aluminum iodide, perchlorate, permanganate and dichromate. Compounds of aluminum chlo- 
ride and bromide with urea are unknown. 

With die objective of clarifying the molecular state of urea complexes of aluminum in aqueous solutmn and 
of establishing whether a uminum chloride forms a complex with urea, we studied this system by the method of 
physico-chemical analysis, and determined the density, viscosity and specific elecuical conductivity of the solu- 
tions at 15 and 25”. 

J Ostromlslensky’s technique [2] of Isomolar concentrations was applied. Semimolar solutions of aluminum 
chloride'hexahydrate and urea were stirred in various proportions by volume but with constant total volume. The 
measurement technique has been described in one of our earlier papers [3], 

DISCUSSION OF RESULTS 

Results of measurements of density and viscosity are plotted in Fig. 1. The viscosity changes linearly wi* *e 
composition of the system. In the region of low concentrations of urea the viscosity isotherms have a very slight 
convexity, toward, the axis of composition; like the density isotherms, however, they supply no evidence of chemi- 
cal interactioi^betw^een die components. of the system. The temperature coefficient of viscosity, calculated from 
the formula .-^^a'-^ "' . ^ O'^^l and does not change with the concentration of urea in the system. Results of 

measurements of specific electrical conductivity ate plotted in Fig. 2. The specific electrical conductivity iso^ 
therms have a dUcmtinulty at an AlCl,:CO(NHj)|^molar ratio of 1:1.- The temperature coefficient of electrical 

conductivity, calculated from the formula has a very weak minimum at the same ratio of components. 

Consequently, only the specific electrical conductivity isotherms give some indication of the occurrence rf 
complex formation in the system. The absence of characteristic points on the viscosity isotherms is evidently due 
to the very low concenaations of the solutions [4]. The solutions that we investigated had a maximum aluminum 
chloride concentration of 6.3% and a maximum urea concentration of 3% Both the aluminum chloride and its 
complex mixture were dissociated to a considerable extent in these solutions. In these circumstances it is possible 
that the existence of the complex was not reflected on the viscosity isotherms. 

Aluminum manifests a great chemical similarity to chromium in the trivalent state. This is reflected in the 
properties of complex compounds of aluminum and trivalent chromium with urea. In the crystalline state they 
Lve identical compositions and ate probably isomotphous. These complexes break down in aqueous solution, the 
urea molecules being replaced in the inner coordination shell by water molecules. According to the data of K. B. 
Yatsimirsky and E. I. Yasinskene [5], who examined the absorption spectra of solutions of aluminum chloride and 
urea, the [Cr( CQN2H4)( H,0) 5] ion is formed in aqueous solution. We obtained analogous results for aluminum 
chloride by measuring the specific electrical conductivity. As Taube showed [6], 'the difference is that decomposi- 
tion of complex compounds of aluminum proceeds very quickly whereas the decomposition of chromium compounds 

•Deceased. 
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proceeds relativety slowly. The arralogy in properties extends also to other compounds of 

In particular to the complex oxalates. The inference is that in the similar complex compounds “ 

chromium the character of the baid between complex former and addends is ^ 

electronic structures of the Al*" and Gr^ ions. It is therefore impossible to accept as are differ- 

of complex character and of the nature of the bond in the complex compounds which assumes that there are 
ences in the structure of the outer electron shells of the complex formers. 



Fig. 1. System AlCl3-CO(NH2)2~H20. 
I) Specific gravity, II) viscosity. 



Fig! 2! System Aldl3-C0(NH2)2-H20. 

I) Specific electrical conductivity, II) tempera- 
ture coefficient of electrical conductivity. 


SUMMARY 

1. The density, viscosity and specific electrical conductivity of the system aluminum chloride - urea - water 
at 15 and 25” were measured by the method involving use of isomolar concentrations. 

2. The density changes linearly with the composition of the system. 

In the region of low concentrations of urea the viscosity isotherms are slightly convex to the axis of composi- 
tion. The temperature coefficient of viscosity is constant and does not vary with the composition of the system. 

3 The specific electrical conductivity isotherms have a discontinuity at the molar ratio AlCl* ; CO( NHj) 2 = 
= 1 : l'. The temperature coefficient of electrical conductivity has a weak minimum at tlie same point. 
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CAMPHORATES OF SOME RARE EARTH ELEMENTS 


Ya. Ya. Dodonov and S. B. Pirkes 


Ofthe very large number of salts of rare earth elements with organic acids, only a few are known in which 
the acids might be optically active. Although some of them (such as tartrates) have found application in chem- 
ical laboratory courses, very little study has been devoted to their salts. This is true of their relative solubility 
and complex -forming tendency, not to mention their optical properties. 

One of us previously synthesized a-btomo-d-camphor-p-sulfonates of lanthanum, cerium and neodymium 
and showed the possibility of utilizing their optical properties for evaluation of their purity on the basis of the 
specific rotation of solutions of the salts [1]. Our attention was attracted by the little studied d-camphotates of 
elements of the cerium group which Conigllo [2] synthesized by precipitation with d-camphoric acid of the ace- 
tates of these elements ( acidified with acetic acid) . Cerium camphorate has been described as insoluble in water 

[3]- 

Our experiments on preparation of the d-camphorates of elements of the cerium group indicated that they 
were moderately soluble in water. Due to the fact that solutions of the salts could be prepared with concentra- 
tions of only 1 - 2 ‘ 70 , we have refrained up to now from applying the values of their optical activity to evaluation 
of the purity of the preparations. Ih the course of the work, however, it was established that the d-camphotates 
of the elements of the cerium group nevertheless differ appreciably from one another in respect to solubility. 

EXPERIMENTAL 

To prepare the camphorates of the rare-earth elements, we used the chlorides of lanthanum, cerium, prase - 
odymium and neodymium, solutions of which were prepared by treatment of weighed portions of the carbonates 
E 2 ( CQj )3 • nH20 with 20'7o hydrochloric acid, allowing for a slight excess of undissolved carbonate. A solution 
of an equivalent quantity of sodium camphorate( calculated on3 moles sodium camphorate to 2 moles of the 
initial carbonate of the rare-earth element) was added drop-wise to the solution obtained after the carbonate 
residue was filtered off. As the solution was added, a voluminous amorphous precipitate of d -camphorate came 
down, colorless in the case of lanthanum, light yellow— in the case of cerium, pinkish - neodymium and faintly 
green — praseodymium. The residues were filtered off, washed with distilled water and dried in a vacuum-desic- 
cator over calcium chloride and phosphoric anhydride. The dry camphorates of the tare earth elements were in the 
form of powders which did not melt when heated to 300”. 

At 20”, the salts visibly dissolved in water. Solutions were prepared with a 2% content of lanthanum camphot- 
ate, cerium camphorate, praseodymium and neodymium camphorates; lanthanum and cerium camphorates partial- 
ly precipitated soon after dissolving, but praseodymium and neodymium camphorates stayed in solution for several 
days and then began to precipitate in negligible amounts. Upon. slight heating over a water bath (30-35”), volu- 
minous precipitates of the camphorates of the corresponding rare earth elements came down; they dissolved upon 
cooling to 1-2”. 

The camphorates of the rare-earth elements were practically insoluble in organic solvents (methyl and ethyl 
alcohols, chloroform, acetone, ether, benzene and others). 

Determination of the content of rare earth metal ( in the form of oxide) in the d-camphotates was performed 
by simple calcining of a weighed sample of the salt ( dried to constant weight) in a crucible furnace. Heating 
was at first carried out with care, in a covered crucible in order to avoid loss of material which might occur upon 
rapid combustion of the organic portion. The crucible covet was then removed and calcination was continued at 
700-800”. After 3-4 hours of calcining, the constant weight of the metal oxide was determined. 
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d-Camphorate of lanthanum: Found %: La 31.37. Lajf CioHi 404 ) 3 . Calculated '/f: La 31.84. 

d-Camphorate of cerium : Found fd : Ce 31.96. Ce 2 ( C 10111404 ) 3 . Calculated “ 70 : Ce 32.03. 

d-Camphorate of neodymium: Found < 70 : Nd 29.82. NdjC C 10 H 14 O 4 ) 3 - Calculated Nd 32.67. 

Praseodymium camphorate was not analyzed, since according to our data, the oxide resulting upon 
tion of the salt of praseodymium with volatile acids, does not always correspond to the exact composition PrsOji. 

Upon separation of neodymium camphorate by heating its aqueous solution, after removal of the precipitate, 
the filtrate remained pink. When an additional quantity of the salt was separated, superheating was allowed 
(above 50"). The precipitate which now came down had a less intense pink color and upon cooling, almost did 
not dissolve at all in the water. The salt was filtered off and dried in a vacuum-desiccator to constant weight. 

The analytical results corroborated our supposition of the presence of hydrolysis with formation of the basic salt 
upon heating. After separation of the precipitate of basic salt, the filtrate was placed in a desiccator oyer sul- 
furic acid. After some time, colorless crystals ( 0.1 g) separated out. which investigation proved to be free d- 
-camphoric acid, poorly soluble in water, m.p. 187°. Upon separation of neodymium d-camphorate from the 
solution, heating carefully to avoid hydrolysis, it proved convenient to precipitate it by addition of 96<7<. ethyl 
alcohol; neodymium camphorate quantitatively came down as a precipitate. 

Basic d-camphorate of neodymium. Found I0: Nd 24.56. Ndif OH) 2 ( Ci„Hi 404 ) 2 . Calculated %: Nd 24.89. 

The hydrolysis of the salt may be represented by the following equation: 

Nd 2 ( CioHi404) 3 4 2H20=Nd2 ( OH) 2 ( Ci„Hi 404 ) 24 CioHif 04 . 

The slightly low content of neodymium in the d-camphorate ( 29.82‘7o) in comparison to the calculated (32.67<yo) 
may be explained by the presence of slight amounts of the basic salt in the latter compound. 

d-Camphorate of neodymium, calculated from ethyl alcohol solution. Found ‘?o: Nd 32.38. Nd 2 ( CioHi 404 ) 3 . 
Calculated % : Nd 32.67. 

We also prepared thorium camphorate. which was less soluble than the corresponding lanthanum salt. 

SUMMARY 

1. A method is proposed for preparation of d-camphorates of lanthanum, cerium, praseodymium and neodym- 
ium by double decomposition of aqueous solutions of their chlorides with sodium camphorate. 

2. It was established that, contrary to the literature data, the d-camphorates of the elements of the cerium 
group are moderately soluble in water; their solubility falls in the order Nd. Pr. Ce. La and Th; the solubility of 
the d-camphorates of the tare earth elements increases with cooling and decreases on heating. 

3. d-Camphorates of the rare earth elements are susceptible to hydrolysis, and the possibility was shown of 
separating them from aqueous solutions ( with avoidance of hydrolysis ) by precipitation with ethyl alcohol. 
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DOUBLE SALTS OF LANTHANUM. CERIUM, PRASEODYMIUM AND NEODYMIUM 


WITH TRIPHENYLBENZYLPHOSPHONIUM NITRATE 
G. V. Medoks 


As shown earlier [1], tetraphenylphosphonium nitrate [2] is capable of forming double salts with nitrates of 
the rate earth elements; these double salts break down to the original components under the action of water and 
vary considerably in their solubility in 96%ethyl alcohol or its mixture with chloroform, hi view of this behavior 
It was not without interest to prepare similar double salts but using as the organic component triphenylbenzylphos’- 
phomum nitrate, the latter being more easily accessible, and to study the properties of such double salts. 

It was found that the double salts of lanthanum, cerium, praseodymium and neodymium with triphenylbenzyl- 
phosphomum nitrate have a composition and structure corresponding to the general formula 
[( C 6 H 5 ) 3 ( C 6 H 6 CH 2 )PHE(NO,)s], where E is an atom of a rare-earth element. In harmony with such a structure, 
the alcoholic or alcohol -chloroformic solutions of these double nitrates possess a high electrical conductivity. 

The most soluble compound is the double lanthanum triphenylbenzylphosphonium nitrate; the least soluble is the 
neodymium salt. The solubility of these salts was higher than that of the corresponding tetraphenylphosphonium 
double nitrates. Of -special interest is the very wide difference in solubility of the double salts of elements with 
such similar properties as praseodymium and neodymium; the double salts of the latter also crystallize well. 

EXPERIMENTAL 

nitrate of lant hanum and triphenylbenzylphosphonium. Triphenylbenzylphosphonium nitrate was 
prepared from triphenylbenzylphosphonium chloride, prepared by reacting triphenylphosphine [ 3 ] with benzyl 
chloride [4]. 1.06 g of triphenylbenzylphosphonium nitrate was added to a solution of 0.68 g La(N 03)3 • 6 H 2 O in 
2 ml of 96% ethyl alcohol and the mixture was heated until the tetrasubstituted phosphonium salt dissolved. The 
colorless crystals which separated out upon cooling, were filtered off under reduced pressure and washed three 
times with chloroform ( 3 ml) . The crude product ( 1.37 g) , m.p. 158-158.5", was recrystallized from 96% 
alcohol. Yield 1.21 g (69%) m.p. 158.5". 

Found %: C 51.87; H3.89; La 11.98. C 5 i,H 440 t 5 NsP 2 La. Calculated %: C 51.93; H3.84j La 12.02. 

The double nitrate of lanthanum and triphenylbenzylphosphonium formed colorless crystals, very readily solu- 
b e m. 96% ethyl alcohol, especially in hot alcohol, and in its mixture with chloroform. It was practically insolu- 
le in ethyl alcohol and in hydrocarbons. It was decomposed by water into its components in the same manner as 
similar salts of other rare earth elements. 

Dgi ^le nitrate of cerium an d trip henylbenzylphosphonium. 2.27 g of triphenylbenzylphosphonium nitrate 
was added to a solution of 1.04 g of Ce( NO ,)3 • 3 H 2 G ( of analytical grade with admixture of Dy salts) in 4 ml of 
ethyl alcohol. -The mixture was heated over a water bath untU the salt dissolved. The crystals which separated 

t," solution had stood for a long period, were filtered off and washed with 2 ml of ethyl alco- 

hol From the mother liquor , we isolated 0.21 g more of the double salt. Two-fold recrystallization of the crude 
product from ethyl alcohol yielded colorless crystals (2.17 g) in the form of plates, m.p. 160.75" 

Found %: C 51.81; H3.86; Ce 12.07. C 5 oH 440 i 5 NsP 2 Ce. Calculated %: C 51.88; H 3.83; Ce 12.12. 

The double nitrate of cerium and Uiphenylbenzylphosphonlum was readily soluble in ethyl alcohol, especially 
upon heating, m acetone and in alcohol -chloroform mixture. It was practically insoluble in chloroform, ediyl 
ether, benzene, toluene and xylene. Addition of water to its alcoholic solution caused it to decompose into its 
components . t' ^ 
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Do uble nitrate of pr a s eodymium and iriphenylbenzylphosphonium. 1.64 g of triphenyl benzylphosphonium 
nitrate was added to a solution of 0.86 g of Pr( N 03 ) 3 ' in 3 ml of 96% ethyl alcohol. From the yellowish- 
green solution obtained upon heating on a water bath, part of the solvent was driven off. Light -green crystals 
separated out upon slow cooling of the solution, weight 1.85 g after treatment. From the mother liniior we iso- 
lated 0.17 g more of the less pure double salt. The crude product was recrystallized from boiling ethyl alcohol. 
Yield 1.48 g, m.p. 162.5”. ® ^ 


Found %: C 51.80; H 3 


; N 6.02. C 5 oH 440 i 5 N 5 P 2 Pr. Calculated %: C 51.85; H 3.83; N 6.05. 


The double nitrate of praseodymium and triphenylbenzylphosphonium was readily soluble in boiling ethyl 
alcohol, less however, than the corresponding cerium salt, and was also readily soluble in acetone. It was practic- 
ally insoluble in ethyl ether, chloroform and hydrocarbons. It was decomposed by water in the manner of the 
above described cerium salt. 

D ouble nitrate of neodymi um an d triphenylbenzylphosphonium. 1.67 g of triphenylbenzylphosphonium nit- 
rate was added to a solution of 0.88 g of Nd ( NO,) 3 ■ 6 HjO in 5 ml of hot 96% ethyl alcohol and the mixture was 
t en eate on a water bath, part of the solvent was driven off and upon cooling, the product crystallized The 
lilac-colored crystals that separated out weighed 2.32 g after treatment and were recrystallized from 5.8 ml of 
boiling eayl alcohol. Yield of pure product was 2.17 g, m.p. 164.5”. From the mother liquor we isolated 0.15 
g more of the less pure double salt. 

Found %: C 51.67; H 3.85; Nd 12.38. CsoH^OisNsPjNd. Calculated %: C 51.70; H 3.82; Nd 12.43. 

The double nitrate of neodymium and triphenylbenzylphosphonium was appreciably less soluble than the 
preceding praseodymium salt in cold, and especially in boiling, ethyl alcohol ( in 1 part by weight of the latter, 

2.23 parts by weight of the praseodymium salt and only 0.57 part by weight of the neodymium salt dissolved) 

It was readily soluble in methanol and acetone. It was very sparingly soluble in cold isoamyl alcohol, more 
readily soluble in hot. It was practically insoluble in ethyl ether, chloroform and hydrocarbons. Upon solution 
in water, it underwent hydrolysis. 

SUMMARY 

1 . Double salts of lanthanum, cerium, praseodymium and neodymium with triphenylbenzylphosphonium nit- 
rate were prepared and described. ^ ^ 

neodJmitm°"'''^'”'^''*^ difference was found between the solubilities of the prepared salts of praseodymium and 
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INNER COMPLEX SALTS OF AZO COMPOUNDS 


m. REACTION OF COPPER SALTS WITH SOME o-HYDROXY- AND o-AMINO, o*-ALKOXY- AND - 0 ’- 
-AROXY-MONOAZO COMPOUNDS 


V. I. Mur 

The preparation was recently announced [1] of complexes of copper with o-hydroxy- and o-amino-o'- 
-methoxyazo compounds in 1 : 1 ratio. On the basis of some of their properties, of their elementary analyses and 
of the absence of similar compounds of o-hydroxy- and o-amino-o'-chloro- and -o'-nitto derivatives, they were 
assigned the following structure: 



n 



Cl. 


This structure suggests the participation in complex formation of the oxygen of the methoxyl group, 
acting as a donor in the formation of the complex bond with copper. For confirmation of this supposition and of 
the belief that the formation of such compounds is not specific merely for the methoxyl group, a study has been 
made of the reaction of o-hydroxy- and of o-amino-o'-ethoxy- and -o'-phenoxyazo compounds with copper salts. 

It was found that under appropriate conditions these ethoxy compounds react with copper chloride to 
form complexes similar to those obtained from the metlioxy derivatives. The molecular weight of ±ese complexes, 
like those of the 1:1 complexes of the metltoxy derivatives, correspond to a monomeric structure. 

This confirms the above-mentioned structure of copper complexes of o-hydroxy- and o-amino-o’- 
-methoxyazo compounds and allows us to assign a similar structure to the copper complexes of other. alkoxy deri- 
vatives of 1 : 1 composition. 

o-Hydroxy- and o-amino-o'-phenoxyazo compounds do not form 1 : 1 complexes with copper. On re- 
acting them with copper chloride under other conditions, 1:2 complexes ate formed [ 1 ], identical with those formed 
on reaction of the same azo compounds with copper tetrammine sulfate. The inability of these phenoxyazo com- 
pounds to form 1:1 complexes Is evidently due to Influence of ' ■ phenyl which repels the unshared electron pair 
from the oxygen, thereby excluding the possibility of formation of a complex bond between the oxygen of the 
phenoxy group and copper. It seemed likely that the introduction of an elecuon-donating substituent in the o- or 
p-position of the benzene ring of the phenoxy group might create conditions favorable for formation of 1:1 com-- 
plexes. On reaction, however, of the azo compound prepared from tlie diazo compound of o-amino-o'-methoxydi- 
phenyl ether and -naphthol with copper chloride under the conditions of formation of a 1 : 1 complex, a 1 : 2 
complex is obtained. The donor properties of the methoxyl group ate evidently inadequate for suppression of the 
acceptor effect of the aromatic nucleus. 

Reaction of o-hydroxy- and o-amino-o'-aroxyazo compounds with copper chloride is accompanied 
by development of a deep, color, in the feaetion solutions. A similar phenomenon -is encountered frf all .the oiliet 
cases of fptrnation of,l:2 complexes that we;;examined. . The .observed increase of intensity of color of the reaction 
solutions does, not .correspond to the color qhqnge that .should haye occurred on simple mixiiig., of . ther.differently 
colored starting solutions. Nor is this color change apparently due to the formation of supersaturated 
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solutions of the complexes; the latter are very poorly soluble in the solvent employed ( alcohol) and do not go 
into solution either when beared under the experimental conditions or under conditions more favorable to their 
solution. In the light of these facts, it may be su[;gested titat formation of 1 :2 complexes is preceded by forma- 
tion of an intermediate cotnpound (possibly a complex ion: its nature is still obscure). It is interesting that the 
transformation Into 1:2 complexes wbicli is characteristic of 1: 1 complexes of copper with o-hydroxy- 
and ■ o-amino-o'-alkoxyazo compounds is also apparently accompanied by formation of an intermediate 

substance. Thus, in the action on 1: 1 complexes of aqueous alcoiiolic solutions of pyridine, ethanolamine, am- 
monia ( at room temperature) . NaOH. NajCOs, NaHCOj.and CHjCOONa ( with heating), the complexes at first 
go into solution to the accompaniment of an increase in color intensity, and later (at speeds varying for different 
reactants) the 1:2 complexes are formed. Transformation of the 1:1 complexes into 1:2 coritplexes also takes place 
bn prolonged boiling with dilute alcohol in file absence of tire above-rioted reagents, although extremely slowly. 


OW- OH OH HO 
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This transformation of the complexes does not take place in presence of acids ( HCl, CH3COOH) . 

Acids act upon the 1:1 and 1 : 2 complexes with decomposition into th e original azo compounds; the 1:1 com- 
plexes break down more slowly. 

Reaction with heating of the 1:1 complexes of copper and o-hydroxy- and o-amino-o’-alkoxyazo 
compounds with pyridine or ethanolamine. in presence or absence of alcohol, leads to dealkylation and formation 
of Complexes of the corresponding o-hydroxy- and o-amino-o'-hydroxyazo compounds. Formation of similar 
complexes also occurs on reaction of the starting o-hydroxy- and o-amino-o'-alkoxyazo compounds with copper 
sulfate in presence of pyridine or ethanolamine with heating. It is interesting that the resultant copper complexes 
have a 1:1:1 composition, i.e. tliey contain 1 atom of copper, 1 molecule of azo compound and 1 molecule of 
the base, e.g. etltanolamine.’ 

EXPERIMENTAL 

The objects of investigation were the raonoazo compounds, prepared from o-phenetidine, o-amino- 
diphenyl and o-araino-o’-methoxydiphenyl ethers as diazo components and 3 -naphthol, l-phenyl-3-metliyl-5- 
-pytazolone, S -naphthylamine and l-phenyI-3-methyl-5-aminopytazole, as azo components, 

o-Phenetidine was prepared by the usual method, starting from o-nitrophenolate. The o-aminodi- 
phenyl [3] and o-amino-o'-methoxydiplienyl ethers were prepared by reducing tlie corresponding nitroethers; 
the latter were prepared by reacting o-nitrochlorobenzene with phenol [4] and correspondingly with guaiacol in 
alcoholic caustic soda solution. The azo compound was prepared by the usual method. The reaction conditions 
with the copper salts were similar to those described previously [1]. 

Copper salt of o-ethoxybenzenazo-8 -naphtliol (1:1 composition) . Yellowish -brown rectangular 

plates ( under microscope) , did not melt upon being heated to 360°. 

Found "/o; Cu 16.08; Cl 8.75; N 7.09. M 382 ( in camphor) . CigHijOaNiClCu. Calculated “yo: Cu 16.29; 
Cl 9.09; N 7.18,;., M 390.3. 



The action of conceHttated sulfiKic add ^ the product, followed by dilution widi water and re- 
crystallizatitm of the separated precipitate from, ethyl alcohol, yielded a compound with m.p. 137.5-138°, which 
gave no depression with the initial dye.stuff. 

When the complex reacted with ammonia solution in dilute alcohol with heating ( slowly at room 
temperature) or with pyridine at room temperature, 1 molecule of cupric chloride Is lost per 2 molecules of the 
initial complex and a complex forms with a composition of 1:2, m.p. 244-245°, reddish-brown needles (under 
microscope) . 

Founds: Cu 8.05; a 8.53 ( in solution) ; precipitate 83.1. Fotcon.version2Ci8HisOjN2ClCu- 

■*(CisHis02Nj)jCu + CuC1j Calculated Cu 8.15; Cl 9.09; of complex with composition 1:2, 82.72, 

For substance with m.p. 244-245° Found Cu 9.76; azo compound 90.42. M 622. ( Ci 8 H, 5 P 2 N 3 ) 4 Cu. 
Calculated 70 : Cu 9.85 ; azo compound 90.46. M 645.6, 

Copper salt of l-phenyT3-methyl-4-( o-ethoxybenzenazo) -5 -pyrazolone. ( 1 ; 1 compositio.n.) , 

Long yellow needles (under microscope); m.p. 207-208* (with decomp.). 

Founds: Cu 14.94; Cl 8.19; N 13.66. CiJtIi 70 ^N 4 ClCu. Calculated < 70 ; Cu 15, 13 5 a 8,44; 

N 13.33. 

Copper salt of o-ethoxybenzenazo-fl -naphthylamine ( 1 ; 1 composition) . It was prepared by re- 
action of initial azo compound with cupric chloride in alcoholic solution at room temperature; the precipitate 
that came down ivas immediately filtered off and washed with ethyl alcohol ( without heating) . Dark ted, fine, 
loKg,.Eeedles ( tinder microscope) ; m.p. 1VT-179° ( with decomp.) . 

Found 70 : Cu 16.10; N 10.91. Cj^igONaClCu. Calculated %: Cu 16,34; N. 10.80. 

1 -Phenyl -3 -methyl -4- ( 0 -ethoxy benzenazo) -5 -aminopyrazole . Orange-yellow prisms; m.p. 89.5- 
91° ( from alcohol) . 

Found?.): N 22.05. CiaHjsONg. Calculated ?o: N 21.80. 

Copper salt (1:1 composition) was in the form of long yellow needles ( under microscope) 5 m.p. 

186-187°. 

Found?): Cu 14.96; N 16.82. CjgHigONgClCu. Calculated?): Cu 15.17; N 16.70. 

The reactions of the last three copper salts of the ethoxyazo compounds ( composition 1 : 1) with 
concentrated sulfuric acid, with aqueous-alcoholic aiiunonia and pyridi’^e solution were analogous to those 
characteristic for the copper salt of o-ethoxybenzenazo-fl -naphthol { 1 ; 1 composition) with the same reagents. 

Copper- salt of o-phenoxybenzenazo-fl -naphthol ( 1 ;2 composition) . When alcoholic solutions of 
o-phenoxybenzenazo-fl -naphthol and cupric chloride were combined, the solution darkened and after some time 
had elapsed, a dark crystalline precipitate with a greenish luster separated out; microscopic brown, tetragonal 
prisms, m.p. 209°. 

Found ?o: Cu 8,38 ; azo compound 91.96..(Cj2HisOi,N2‘,Cu. Calculated?.): Cu 8.57; azo com- 
pound 91.69. ^ 

The complex (1:1 composition) did not form when the above reagents were reacted in dilute solu- 
tions in the cold .ot with heating. 

Reaction, of coppers salts with other o-]iydroxy-o'-phenpxyazQ compounds. When alcoholic solutions of 
cupric chloadde sad. I-phejiyl“ 3 -methyl- 4 -(o”phenoxybenzena 2 o) -5-pyrazolone and also of p-phenoxybenzenazo- 
-6 -naphthylamine were combined complexes (1:1 composition) did apt form. Dr this case , complexes (1:2 
composition) formed which were Identical to those prepared by the reaction of the same compounds with doppet 
tetrammlfie sulfate in aqueous alcoholsolution upon boiling the reagents for 1 hour. 

Copper salt of l-phertyl-3 -methyl.^4- ( o-phenoxybenzenazo) -5 -pyrazolone ( 1 ; 2 composition) . 

.Brown, tetragpnal, flat prisms ( under mIcrpScqgpe) ■with violet luster; m.jp. 213.5-215.°. 

Found ?): Cu-7,82: azo compound 92.07. {CjjHi 70 iN 4 ) 8 Cki. Calculated?): du 7.93; azo com- 
pound 92.31 . 
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Copper salt of o -phenoxybenzenazo-j j-naplitl iylamine (1:2 compq8it^j0_._ Brown, tetragonal flake - 
lets (under microscope) with green luster; m.p. 140-145° ("depends considerably on rate of heating) ; at 170 the 
compound decomposed. 

Found <?o: Cu 8.36; azo compound 91.52. (C22Hi£ON3)2Cu. Calculated Cu 8.59; azo com- 
pound 91.67. 

Azo compound prepared from o-amino-o'-methoxydiphenyl ether and g-naphthol. Claret-colored 
needles with greenish luster; m.p. 167.5 -169° (from ethyl alcohol). 

Found N 7.61. C23H1AN2. Calculated N 7.57. 

Copper salt of dye prepared from o-amino-o'-methoxydiphenyl ether and S-naphthol (1:2 com- 
position) . It was prepared under the same conditions as described above; when the reagents reacted, the solution 
darkened appreciably. Brown prisms ( under microscope) ; m.p. 210° (with decomp.) . 

Found %: N 6.73 ( C23Hi,03N2)2Cu. Calculated ‘/o: N 6.99. 

Complex (1:1 composition) did not form. 

Reaction of copper salts of o-methoxy- and o-ethoxybenzenazo -Q-nap ht hol (1:1 composition) with 
bases. A mixture of the complex, ethyl alcohol and the base ( NH4OH, NaOH, Na2C03 and others) with a small 
amount of water was boiled with reflux condenser until the complete disappearance of the characteristic crystals 
of the complex (1:1 composition) ; the course of the reaction was regulated by microscopic examination of 
samples of the reaction mixture. After the reaction was complete, water was added to the reaction mixture, the 
precipitate was filtered off and identified by its melting point with the corresponding complex (1:2 composition) . 
It was observed that the rate of conversion of complexes (1:1) into complexes (1:2) was affected by the enumer- 
ated reagents in the following order. 

NH4OH > NaOH > Na2C03 > NaHCOj > CHaCOONa > HjO. 

The complexes were reacted with organic bases at room temperature or with heating: the complex 
dissolved in pyridine ( or in ethanolamine) or alcohol was added to its pyridine solution. After the reaction was 
complete ( 5 minutes at room temperature or 4 hours with heating on a boiling water bath) , water was added to 
the reaction mixture, the precipitate that formed was filtered off, washed with water and ethyl alcohol and identi- 
fied. 

The compounds that were separated after reaction o f the complexes (1:1) with pyridine ( or with ^ 
ethanolamine) had gone for a short period, were identical to the complexes (1:2), prepared by reacting the 
corresponding azo compounds with copper tetrammine sulfate. 

The compounds that were separated after the complexes (1 : 1} had reacted with pyridine ( or with 
ethanolamine) with heating for a considerable length of time, were identical to each other and proved to be the 
copper complex of o hydroxybenzenazo-3 -naphthol; upon cleavage of the prepared complexes with concentrated 
sulfuric acid, an azo compound m.p. 193-194.5°separated out;a mixed sample of it with o-hydroxybenzenazo-3 - 
-naphthol gave no melting point depression. 

When o-methoxybenzenazo-3 -naphthol reacted with copper sulfate in a monoethanolamine medium, 
upon heating and subsequent cooling of the solution without addition of water, reddish-brown needles (under micro- 
scope) separated out which were the copper complex of o-hydroxybenzenazo-3 -naphthol and monethanolamine. 

Found “/o; N 10.98. (Ci6Hio02N2) (CjHjON) Cu. Calculated %: N 10.86. 

SUMMARY 

1. A study was made of the interaction of copper salts with some o-hydroxy-o-amino-o'-ethoxy- and 
-o'-atoxyazo compounds. Copper complexes of azo compounds were prepared from o-phenetidine, o-aminodi- 
phenyl and o-amino-o'.-methoxydiphenyl ethers, as diazo components, and 3-naphthol, l-phenyl-3-methyl-5- 
-pytazolone, 3 -naphthylamine and 1 -phenyl -3 -methyl -5 -aminopyrazole as azo components. 

2. It was shown that 1:1 complexes of o-hydroxy-o’-alkoxyazo compounds can exist and that 0- 
-hydtoxy-o’-aroxyazo compounds are incapable of forming complexes of this type. 

3; Some properties of 1: 1 copper complexes of o-hydroxy-o'-alkoxyazo compounds were studied 
with reference to a numberof representatives of the class. 
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SOME SALTS ;OF IMIDOSULFAMIDE 


L. M. Volshtein, N. N. Piserzhevskaya and M. M. Slutskaya 


Up to recent times the existence of free imidosulfamide NHiSQjNHSC^NHj had been regarded in the litera- 
ture [1] as open to doubt. Data for the silver and ammonium salts have been published [1], but they ate not very 
reliable. Thanks to the researches of Kirsanov [2], the existence of imodosulfamide has been conclusively estab- 
lished, and this substance is now easily accessible. Kirsanov revealed the strongly acidic properties of imidc- 
sulfamide and obtained salts of this acid with the cations: Na^ NH^, Ag^, Ba . CsHjNHj and C5H5NH . The author 
did' not study the physico-chemical properties of aqueous solutions of the synthesized salts. On the basis of the 
unusual behavior of a solution of the silver salt toward caustic alkalies, it was suggested (see below) that coordina- 
tion bonds ate present between the silver atoms and the amido groups of the imidosulfamide ion. 

We have now continued the study of the character of the salts prepared by Kirsanov, and have also synthesized 
an^investi^ted new salts of imidosulfamide. In the present communication we present new data for salts of 
Ba and Ag . and also describe the synthesis of the copper salt. 

EXPERIMENTAL 

Preparation of the salts . The barium salt was prepared by the Kirsanov [2] reaction of Mm* with BaCOj. 

We prepared Balm^ by reacting sulfamide with Ba(OH)*. A. slmUat method was suggested by Kirsanov for the 
preparation of Naim. 0.1 mole of sulfamide was added to a solution of Ba( OH)j in water, from which CCJj had 
been eliminated (before addition, the solution was heated to the boiling point and then removed from the flame) . 
The Ba( OH)^ Content in the solution was slightly (2'5ii) less, than 0.025 mole. The mixture strongly frothed. 

After 10 minutes of vigorous boiling, the solution was filtered while hot, the filtrate was evaporated down almost 
to dryness in vacuum at 40-50". The oily mass which slowly crystallized was purified by being boiled with alco- 
hol for a'half hour, then was sucked off, washed with hot alcohol and dried to constant weight at 110*. We iso- 
lated about 10 g of salt. 

Found “jk: Ba 27.99, 28.30j N 16.96, 17.00. BaN«H*OiS4. Calculated Ba 28.28; N 17.29. 

The salt was white, readily soluble In water, and very difficulty soluble in alcohol. The reaction for the 
salt's preparation: 

Ba(OH)2 + 4NHjSq2NHi-> Ba[N(SQiNH*)*]2 + 2NHs + 2 H 2 O. 

The silver salt was prepared by addition of AgNQs to concentrated Balmj solution. A white finely crystalline 
precipitate immediately came down. The precipitate was set aside for a day, after which it was separated, washed 
widi cold water and set aside In Are dark in order to prepare the air-dried compound. Since the composition of 
the silver salt which crystallized in the form of the di hydrate was studied in detail by Kirsanov ( prepared from 
AgNOs and NH^Im), we limit ourselves to the statement that the composition of the salt AgN( S0jNHj) j-2I%O 
was Corroborated by out analyses. Moreover, we prepared the anhydrous salt (by drying in vacuum at 40-50°), 
which we analyzed. Found : 38.34 and 38.45‘5i) Ag. Calculated : for the anhydrous salt ; 38,257oAg. 

We prepared the copper salt from Balmj and Cu&Qi, taken in molar ratio of 1 : 1. A weighed portion of the 
analyzed Balmj was dissolved in a small volume of water, and the calculated volume of titrated CuSO^ solution 

• Him represents free imidosulfamide. The anion of the acid (NH;jSC)i)iN is represented below by Im. 
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was added to the above solution through a buret. The BaS04 precipitate was filtered off. and the filtrate was 
evaporated to low bulk in vacuum at 30-40°. The copper salt of iraidosulfamide proved to be readily soluble in 
water. Evaporation was stopped when a considerable portion of the salt crystallized out. The blue crystals were 
separated from the mother liquor. , and dried to constant weight at 90®. After multiple determinations of the 
copper had been performed, we were convinced of the homogeneity of the prepared crystals and by repetition oi 
the experiments we established the reproducibility of their composition. 

Found Cu 14.69, 17.74; N 19.20, 19.45; 5 29.74,29.80. CUN6H8O8S4, • HjO. Calculated Cu 14.79; 
N 19.55; 5 29.83. CUN6H8O8S4. Calculated “fo : Cu 15.43; N 20.41; 5 31.13. 

It was evident that the salt which was dried to constant weight at 90° was the raonohydrate. The water of 
crystallization molecule was held very firmly. Drying of the salt at 120-140° did not cause dehydration; partial 
dehydration occurred in vacuum at 100°. The melting point of the salt was 149°. At first, we attempted to 
separate Culm2 from the concentrated aqueous solution by addition of alcohol. However, this method was not 
successful. It was observed'that even when the Culrn^ci-ystais were, shaken with alcohol, a considerable change in 
the salt.'s composition took place. 

Electroconductivity of aqueous solutions of the salts. We measured ( in a thermostat at 25°) the electro- 
conductivity of Bal'rrii and Culraj at concentrations of from 0.001 to 0.1 mole. For the slightly soluble Agim, 
measurements were only in dilute solutions. All the measurements were repeated with die salt prepara- 
tions prepared in different experiments, and the electroconductivity values proved reproducible within a range 
of 2%. The data obtained are given in the table. 

TABLE 


Equivalent Electroconductivity ( ohm"*cm*/g-equiv.) of Imidosulf amide Salts at 25° 


5alt 


Concentration ( in g 

-equiv. per liter) 


0.001 

0.002 

0.01 

0.02 

0.04 1 

0.2 

Balm2. 

- 

112 

89 

80 

65 1 

43 

Culm2 

- 

108 

86 

76 


44 

Agim 

130 

113 

- 

- 




The molecular electroconductivity values for 0.002 N Balm* and Culmj solutions (224 and 216 ohm'* cm / mole) 
correspond to that of triple-ion electrolytes, which these salts should be. The molecular electroconductivity of 
AgIm solutions corresponded, as it should have, to that of a double-ion electrolyte. Therefore, the imidosul- 
famide salts ate ’’simple" salts which do not exhibit stable coordinate bonds of metal atoms (Me) with the amido 
groups of the anion, the presence of which would considerably decrease the electroconductivity. It was especially 
important to establish this for Agim, since the literature hypothesizes that structure of Agim is cyclic. It is 
stated in Audrieth's [1] review article that: "Silver probably is bound to nitrogen, since treatment of Agim with 
alkalis does not yield silver oxides” . A similar hypothesis on the same basis was stated by Kirsanov [2]. How- 
ever, we showed that Agim gave all the characteristic reactions for Ag ions in solution, and its peculiar reaction 
with alkali is explained by the interesting conversion which takes place, under these circumstances, of Agim into 
the very difficulty soluble silver salt of sulfamide (see below). 

We should remark that it could be expected beforehand that stable coordinate bonds would be absent in 

.NHj-SOj^ 

imidosulfamide salts since the formation of six-membered cycles Me' N must be considered Im- 

NH2-5O2/ ^ 

probable. The formation of cyclic compounds with diamines is not characteristic of Ag . Such compounds are 
known to exist in the case of Cu . However, the tendency of the amido groups to coordination is decreased by 
immediate proximity to such groups as “SC^OH (in sulfamic acid) or -SC^NH-. It is known [3] that copper sul- 
fate is a "simple "salt and this also can be said of the salt Culma which we prepared. 

Nevertheless, in concentrated solutions of Culm2 and Baltfi2, the appearance of unstable coordinate bonds is 
possible for Me with the amidogroups of the anion. Evidently, this is tied up with the factually observed, consid- 
erable decrease in the equivalent electroconductivity (Xv) of the salts Culm2 and Balm2 in relatively concentrated 


412 



solutions. Thus, in 0.2 N solutions (see table) of these salts, Xj is less than 40%of Xjjq, whereas for the jnajority 
of salts of the type1i4eX2, X5 is greater than 70% of Xjqi,. 

The data of the table permit the approximate evaluation of the mobility of anion Im . On the basis of the 
literature data, we see that Xju,, for salts of the type Kteic amounts to ~ 0.97 of X^j, and for salts of type 
UeXi ~ 0.93 of Xjjj . We find that the magnitudes of Xqq for Agim, Balm2 and Culm2 ate approximately equal, 
being respectively 117, 120, 116 ohm'^cm*. Deducting from Xg, the mobility of the corresponding cations, we 
find the mobility values for the anion Im (at 25°) to be 55, 56 and 60 (on the average 57 ohm"‘cmV g-equiv.). 

Conversion of Agim into the silver salt of sulfamide. We have already noted that addition of alkalis to the 
Agim solution did not cause Ag20 to precipitate; a white, faintly cream -colored gelatinous precipitate formed, 
very difficulty soluble in cold and hot water and readily soluble in dilute HKI%. pur experiments showed that 
the precipitate is the long known[l] silver salt of sulfamide. Found: 69.84, 69.42% Ag. Calculated for 
Ag2 ( NH) 280^ : 69.63% Ag. A separate experiments showed that addition of NaOH to a solution of AgN(^ con- 
taining an excess of sulfamide ( as for the addition of NaOH to Agim solution) did not cause Ag20 to precipi- 
tate but it caused a precipitate of Ag2(NH)2SCIi to come down. These facts lead us to conclude that the reason 
for the conversion of Agim to Ag2(NH)2SOi must be the formation of a small quantity of sulfamide upon solu- 
tion of the imidosulfamide salts in water. According to the data of Kirsanov [2], corroborated by us, the anion 
Im is stable in aqueous solution. However Im is subject in slight degree to conversion into sulfamide and sul- 
famate-ion: 

NH8S02NS02NI^2-+H20-*- NH2S02NH2 + 0S0feNH2- . (2) 

Let us note that the neutral sulfamide solution does not yield a precipitate with Ag , and in the absence of 
alkali, Agim. does not convert to Ag2(NH)jSCfe. We supposed that upon addition of alkali to Agim, the reaction 
would proceed according to the equation; 

2AgN ( SO 2 NH 2 ) 2 + 2NaOH Ag, ( NH) jSOi + NaOSO^NI^ + NaN ( SCfeNHj) 2 + H*0. ( 3) 

If this belief is correct, then after separation of Ag2(NH)2SCIi, we should find in the filtrate 50% of the 
initial quantity of the lin anions. We ran two parallel experiments and in each one we took 1 millimole of 
solid Agim •2H2P, added a millimole of NaGH( in the form of 0.1 molar solution) , a drop of phenolphthalein 
and shook the mixture for 1 hour. We then separated, off the precipitate of Ag2( N.H)2&P2 and added the wash 
waters to the filtrate. The alkali entered almost completely into the reaction (Equation 3), the fUtrate was de- 
colorized by several drops of 0.1 molar AgNPs solution. After this, a small excess of AgNOa solution was added 
to the filtrate. Immediately, a precipitate of Agim started to come down. After 24 hours had elapsed, we separ- 
ated the precipitate, washed it, and determined (by solution in HNOj and titration of the Ag with thiocyanate) 
the quantity of collected Agim. We obtained 0.143 and 0.138 g of Agim which amounts to 45 and 43.6% of the 
initial weight (0.318 g) of Agim ( to be sure, a small portion of the Agim remained in filtrate and in the wash 
water as was to be expected). It is apparent, that the reaction In reality goes according to Equation (3). 

Let us note, that Cuim2, in contrast to Agim, upon, addition of alkali gave a precipitate Cu(OH)2, i.e. no 
conversion takes place of Culm2 into the sulfamide saltj^ The experiment proved that the presence of an excess 
of sulfamide did not hlndei the precipitation of tb.e Cu ions with alkali. The litetatute, [1^] notes the similarity 
between iraidosulfamide and biuret. The latter.^s is known, forms a complex anion with Cu in, alkaline medium . 
However, Him forms only a simple salt with Cu , completely decomposed by alkali. 

SUMMARY 

1. The copper salt of imidosulfamide Cu[N(SO2NH£)2]2’H20 is synthesized and described. 

The preparation of the barium salt of imidosulfamide from sulfamide and barium hydrate is described, 

2. A study is made of the electrical conductivity of aqueous solutions of the barium, silver and copper salts 
of imidosulfamide. It is shown that the salts are normal electrolytes and not inner-complex compounds. 

3. It Is shown that the silver salt of imidosulfamide is transformed into a salt of sulfamide undet the action 
of cansiic alkali. 
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REACTIONS OF METALLIC OXIDES WITH ALCOHOLS 


m. REACTIONS:® MANGANESE OXIDES WITH ISOPROPYL AND OTHER ALCOHOLS 


V. A. Komarov, N. P. Timofeeva and T. M. Moroshkina 


The reaction, of oxides of manganese with alcohols is of interest in that manganese forms several oxides with 
different degrees of oxidation, so that we can expect changes in the composition of the oxides under the influence 
of alcohols and their decomposition products. The products of breakdown of alcohols in presence of manganous 
oxide has been. studied by Sabatier and coworkers [1] and later by Taylor [2]. These authors found that on passing 
vapors of alcohols over heated manganous oxide at 320-425*, dehydrogenation takes place with formation of 
aldehyde ( or ketone) and hydrogen, the process being complicated at higher temperatures by the following re - 
actions: decomposition or condensation of tlie aldehyde with formation of carbon monoxide and disproportionation 
of the eaibon monoxide to carbon dioxide and carbon. The action of manganous oxide in breakdown of alcohols 
. is extremely similar to that of metallic copper but considerably weaker. Later work has also been published on 

the decomposition of alcohols over manganous oxide [3] which is consistent with the earlier work. As far as we 
ate aware, the catalytic decomposition of alcohols in presence of other oxides of manganese and metallic 
manganese has not previously been studied; the same is true of the possible transformations of the solid phases 
* concerned when heated in presence of alcohol vapors and their breakdown products. The establishment of such 

data was the objective of the present investigation within the framework of our investigations of interaction of 
metallic oxides with alcohols. The literature contains some data for reaction of metallic oxides with alcohols. 
Sabatier, for example, observed complete or partial reduction of some metallic oxides when used as catalysts of ■ 
decomposition of alcohols [1]. Taylor and Williamson [2] showed that under the conditions of decomposition 
of ethyl alcohol over WO^, the latter is gradually reduced to W 2 O 5 , the change being accompanied by a change 
in the selectivity of the catalyst. The concepts of the mechanism of contact phenomena, enunciated with pene- 
trating genius by Mendeleev [5], account for the reciprocal effects of catalyst and reacting molecules. 

Characteristics of the manganese preparations used. In the present investigation the catalysts used in, decom- 
position. of alcohols were electrolytically prepared metallic manganese and oxides of manganese, of which man- 
ganous oxide was obtained by cal cination of manganese oxalate in a hydrogen stream and the remaining oxides 
by calcination., of chemically pure manganese nitrate at appropriate temperatures [ 6 ]. The composition of the 
oxide preparations was established by chemical analysis, and their structure by x.-ray examlnatioE. Due to the 
lack of an. existing method of phase analysis of the system manganese - oxygen, our manganese preparations were 
analyzed for total manganese by dtration in. the divalent form in an alkaline medium [7] and by determination 
of manganese dioxide by the ferrous sulfate method JS], The chemical and x-ray characteristics of the starting 
preparations are set forth in Table 1. 

The data of Table 1 show that the preparation obtained by calcination of S-MnOj Is a mixture of two man- 
ganese oxides with different structures and valences; the remaining oxides, and the metallic manganese, were 
homogeneous substances; the composition pf some of them nevertheless deviated from the.stoichiometric composi- 

Experimental procedure and analytical methods. Experirnents were conducted in an apparatus of the usual 
type, comprising a quartz mbe. containing catalyst, placed in a tubular electric block furnace, a buret for addi- 
, tlon of alcohol, a condenser, a receiver for condensate, and a cylindrical gasholder. The temperature Was 

measured by a thermocouple in a quartz pocket; the junction of the couple was inthenliddle of the catalyst bed. 
Prior to the experiments at a specific temperature over each manganese preparation, the temperature of commence- 
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ment of breakdown of the alcohol was determined b; the previously described method [9]. After this^determina- 
ticn, experiments v/cre carried out at two temperatures, cne of which was 20-25“ and the other 40-i5“ hyucr 
than the temperature of commencement of reaction. The e;as formed by decomposition o. the a .cohol was analyzed 
in a VTI apparatus for its content of COj, CnHjn, O2, CO and Hj. and the condensate was examined by the hydroxyl- 
amine method for its content of carbonyl compounds. The activity of the preparations was evaluated on the basis 
of the volume of gas evolved, converted to the same volume, weight and surface of catalyst. The selectivity of 
the preparations was characterized by the value of the ratio of moles hydrogen to unsatutates, while the degree 
of deviation of the reactions from the normal route was characterized by the value of the ratio of moles hydrogen 
to carbonyl compounds. Calculation of the activity pet unit of catalyst surface ( of manganese preparation aitcr 
its employment as catalyst of decomposition of alcohols) v/as facilitated by construction of isotherms oi nitrogen 
adsorption at the temperature of liquid air [10]. on the basis of which the specific surface was calculated by the 
B-E-T equation. The following values were obtained: metallic manganese 13.7, manganous oxide 20.0, Mn^Os 
and Mn304 13.8, manganese dioxide 19.4 m*/g. 


TABLE 1 


Chemical formula of preparation | 

Results of chemical analysis 

Phase composition from x -ray data 

Total Mn 
(in^) 

! MnOj 
( in %) 

Formula 

Mn ( metallic) 1 

I 100 


! Mn 

3 -Mn 

MnO 

76.9 

! - i 

MnOi 03 

Structure of NaCl type 

MnjOs 

65.0 

1 53.0 

MnOj.os 

Mixture of hausmannite with one 



1 


: of the forms of braunite 

MnOj 

57.0 

! 85.5 

MnOj.ss 

1 Structure of the rutile type 0 -MnOj 


Results obtained in decomposition of alcohols on manganese preparations and from determination of the compo- 
sition of the latter. Figs. 1 to 4 contain gas formation curves from which ate found the temperatures of start 
of decomposition of isopropyl alcohol on metallic manganese and its oxides. It follows from Figs. 2 and 4 that 
prolonged employment of the preparations as catalysts leads to a rise in the temperature of commencement of re - 
action by 30-40“. Results of experiments on reaction of isopropyl alcohol with metallic manganese and its oxides 
ate set forth in Table 2. and the results of examination of the manganese preparations before and after their use 
ate shown in Table 3 . 

TABLE 2 


MnO 

MnzPs. . . . 
MnOj . . . . 


Activity ( in milliliters 
gas per 1 g alcohol 
passed) expressed pet 


2.96 

4.95 


0.066 

0.126 

0.277 

0.515 

0.160 

0,266 

0.105 

0.230 


Percent de - 

composed 

alcohol 


19.2 

,28.1 

31.9 


Total of 

.iccounted 

products 


21.8 

15.1 
15.0 

12.2 


Note. The data in this and the following tables are mean results of several experiments. 

It follows from the data of Table 3 that the character of the decomposition of isopropyl alcohol over metallic 
manganese differs somewhat from that over its oxides. Decomposition over the metal starts at a higher tempera- 
ture and requires a considerably higher activation energy. Both nianganese and its oxides have relatively low 
activity, predominantly as dehydrogenation catalysts: however, over metallic manganese the dehydration react- 
ion is more intensive than. over the oxides. It is interesting to note that the effect of temperature on the course 
of the process over manganese is not the same as over the oxides: with rising temperature the dehydrating proper- 
ties of metallic manganese are slightly enhanced but the dehydrating properties of the oxides are slightly diminished. 
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Fig. 1. Temperature of commencement of decomposition Fig. 2. Temperature of commencement of de- 
of isopropyl alcphol over metallic manganese. composition of isopropyl alcohol over MnO. 

1) Before use, 2) after use. 



TABLE 3 





Result of chemical analysis 


.... 

1 

1 

‘^'a total Mn 

I0 

MnOj 

Formula 

X-ray data 

R 

2 

H 

Ib 
& s 

u 

< 0 

ss 

< s 

Before 

expt. 

After 

■expt. 

, Before expt. 

■ After expt. 

Mn . . . . 

400° 

100 

100 



Mn 

Mn 

1 Lattice 

r Lattice 

Mn . . . . 

430 

100 

98.5 

0 

1.5 

M11O0.00 

MnO,.,, 

/ P-Mn 

1 3-Mn 

MoO 

400 

76.9 

74.7 

0 

1.15 

MnO,.„ 

MnO,.u 

1 Lattice 

> Lattice 

MnO . . . 

440 

74.7 

72.4 

1.15 

1.20 

MnO,.,, 

MnO,. a 

/ MnO 

}. MnO 

Mn, 0 , .. 

420 

65.0 

_ 

53.0 

_ 

MnOi^ 


1 Mixture of 

1 Lattice 

MnjOi . . 

450 

. — 

76.5 

- 

4.4 

MnO,.» 

- ■ 

1 hausmannite 

1 and braunite 

1 MnO 

MnO, . * . 

350 

57.0 

73.9 

85.3 

3.8 

MnO,., 

MnO,., 

} P-MnOj 

1 Lattice 

MnO, . . . 

400 

73.9 

71.0 

3.8 

2.1 

MnO,., 

MnO,., 1 

/ MnO 
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From ah Inspection of the IVCjMb ihd Hj/CjHsOi ratios, we can conclude that In the series Mndj - MnjOa _ MnO 
the dehydrating ability falls sUglitly and that in all cases, except MnO at 440" and MnO^ at 400”, deviations from 
the normal reaction course ate insignificant. A noteworthy feature is tire very large proportion of COj in the gas 
obtained over MnOj and MnjQa at the start of reaction. This is associated with partial oxidation of the alcohol 
which commences at temperatures below the decomposition temperatures. Chemical and x -tay analysis of the 
manganese preparations established that during the Jirocess of reaction with isopropyl alcohol and its decomposi- 
tion products, all the oxides of manganese acquire the structure of sodium chloride ( characteristic of MnO) and 
they more or less approximate to the composition of MnO with an excess of oxygen over the stoichiometric form- 
ula. Metallic manganese retains its suucture, evidently being coveted at the surface with an extremely thin 
film of oxides of manganese. Similar results were obtained in an investigation of the reaction of ethyl alcohol 
with metallic manganese and its oxides. Below (Table 4) ate presented the results of experiments on decomposi- 
tion of some alcohols over a-MnOj. 


TABLE 4 



1 . 

lls 

Ratio of moles H2 
to 



Chem. composition 
of preparations after 
ejmeriments 

Alcohol 


Activity 
gas/g ale 
passed/ ti 
oxide) 

carbonyl 

unsatu- 

rated 

pounds 

kcal 

i 

Content 

in<7<. 

Formula 



pounds 

mol 


of to- 
tal Mi 

MnO, 

CaHeOH | 

400° 

440 

8.3 

14.5 

4.9 

6.0 

26.0 

17.0 

13,3 

340 

74 

72 

11 

4 

MnOi.2 

MnOi.3 

CartvOH { 

350 

400 

4.3 

8.9 

1.2 

1.6 

21.3 

15.7 

12.2 

340 

71.2 

2.4 

MnOi,4 

C4H9OH { 

400 

440 

5.6 

10.5 

2.5 

2.4 

13.0 

12.0 

15.0 

360 

73.8 

4 

MnOi,23 

CsHhOH { 

415 

450 

8.1 

12.8 

2.8 

4.7 

45.0 

29.0 

26.0' 

380 

67.3 

2.0 

MnO240 


The data of Table 4 show that all the investigated alcohols mainly undergo dehydrogenation over B -MnOj, 
and the B-MnOj.is reduced during the process to MnOi'.j-dVlnOi.4 ; the x-ray data show that it has the MnO struc- 
ture. Table .4 also indicates that with rising molecular weight of the alcohol both the temperature of commence- 
ment of reaction and the activation energy increase, and the character of the decomposition changes slightly. 

It is interesting to compare the interatomic distances of the manganese preparations ( Mn — Mn and Mn ~ O) 
with the character of the decomposition and the temperature of its commencement. Data for these ate presented 
in Table 5. 

TABLE 5 


Preparation 

Temperature 

% decompo- 



Interatomic distances ( in. 

AL: 


of expert^ 

sition 

Hj/CaHs 

Tcomm 

Mn - Mn 

Mn-0 

0-0 






3/2,36 



Mn 

400° 

10.7 

14.2 

342° 

5/2,53 

2/2.60 

- 

- 




45.2 


14/2.67 

12/3,125 

6/2.21 

12/3.125 

MnO 

400 

28.1 

290 

6/4.42 

8/3.83 

6/4.42 

MnjOs 

420 

20 

30.4 

308 

12/3.15 

12/3.55 

12/2.01 

6/2.52 







- 

1/2.55 

MnOj 

400 

32' 

15.7 

308 

2/2.87 

8/4,398 

6/1.89 

4/3.43 

8/(2.67) 

2/2.87 

2/(3.64) 


Note: In the last 3 columns fhe numerator denotes the number of neighbors, the denominator the corresponding 
interatomic distances. 
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The values in Table 5 lead us to the conclusion that both directions of decomposition of the alcohol proceed 
^ at metal atoms, the smallest Me - Me distance favoring in some degree the dehydration reaction. This conclu- 

sion conflicts, however, with the results of A. M. Rubinshtein [11] on decomposition of ethyl alcohol over a series 
of manganese oxide preparations and those of N.I. Egorova [12] on decomposition of ethyl alcohol over oxides of 
vanadium, columbium and titanium. 


SUMMARY 

1. In the reaction of manganese oxides with isopropyl alcohol, decomposition of the alcohol (with predominant 
formation of hydrogen and acetone) is accompanied by reduction of Mn02 and MnjOs to MnO; the latter oxide 
has a certain excess of oxygen over the stoichiometric amount. 

2. Under the same conditions, metallic manganese only undergoes very slight surface oxidation; the predomin- 
ating direction of the reaction is dehydrogenation, but dehydration proceeds to a greater extent than on the oxides. 

3. The activation energy of the decomposition of isopropyl alcohol over metallic manganese and the tempera- 
ture of commencement of this reaction are considerably higher than the corresponding values for oxides of man- 
ganese. 

4. The temperature of commencement of reaction of alcohols with a-MnOj rises with increasing molecular 
weight of the alcohol . 
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SYNTHES.IS OF HYDROCARBONS 


Lin. ISOPRENE HYDRDBROMIDE IN THE SYNTHESIS OP HYDROCARBONS WITH A QUATERNARY 

Atom -tert -ajucylethylenes 

R. Ya. Levina. V. R. Skvarchenko and T. M. Ushakova 


One of the most convenient and most highly developed methods of synthesis of alkenes of various structures 
IS the reaction between organomagnesium compounds and allyl halides and their homologs. Homologs of allyl 
chloride or bromide are easUy obtained by the action of hydrogen chloride or bromide on hydrocarbons containing 
a conjugated system of double bonds. 

Addition of hydrogen bromide to isoprene gives a mixture of isomeric bromides: 4-btomo-2-methylbutene- 
*2( primary bromide I) and 2-bromo-2-methylbutene-3< tertiary bromide II) [1-3], Consequently the reaction 
of isoptene hydrobromide with organomagnesium compounds ought to lead to two hydrocarbons ( III and IV) of 
which one. obtained from the tertiary bromide ( H) should possess a quaternary carbon atom ( IV) . 

Claisen [2], and later one of us [4], showed that in the condensation of isoprene hydrobromide with phenyl- 
and cyclohexyl -magnesium bromide, conducted under the usual conditions, the primary hydrobromide ( I) is 
mainly involved, and the corresponding hydrocarbons with a quaternary carbon atom were not isolated from the 
reaction products. 


Ih.one of our previous communications [5] the reaction between isoprene hydrobromide and methyl magnesium 
bromide was Applied to the synthesis of 2-methylpentene-2. which is also formed from the primary hydrobromide. 

In the present investigation we aimed at finding the conditions for possible application of the reaction be- 
tween isoprene hydrobromide and organomagnesium compounds to the synthesis of a-ethylenic hydrocarbons vrtth 
a quaternary carbon atom. - tertiary alkylethylenes ( IV) - which hitherto have been very inaccessible and synthe- 
sized mainly by pyrolysis of the acetates of pInacoHnic alcohols [6]. 

It was found that reaction at low temperature ( -70°) improves the stability of the tertiary isoprene hydro- 
bromide (H) : under these conditions the latter does not undergo the allyl reartangement to the primary bromide 
( I) ( or only rearranges in part) and it enters into reaction with organomagnesium compounds to form a hydro- 
carbon with a quaternary carbon atom (yield 22-30%) . 


Thus, the reaction of isoprene hydrobromide ( Immediately after its preparation without distillation) with 
primary alkyl magnesium bromides, carried out with cooling to -70°, led to formation in each reaction of a 
mixture of two hydrocarbons in total yield of 55-59%; fractionation of the mixture in a column gave 3,3-dimethyl- 
alkene-1 (yield 22-30%) and 2-methylalkene-2 (yield 20-25%) . 
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In the reaction of isoptene hydrobromide with isobutyl magnesium bromide the total yield of alkenes was 
30%; from this mixture two hydrocarbons were separated: 3,3,5 -trimethylhexene-1 ( 6%) and 2,6-dimethyl- 
hepten,e-2 (9%) : 

CHj 

(U) +(CH3)2CHCH2MgBt — CH3CHCH2-C-CH=CH2. 

CHa CHs 

( I) + ( CH3)2CHCH2MgBr— % CH3CHCH2CH2CH=CCH3 
CH3 CHs 

When isoprcne hydrobromide was reacted with secondary alkyl and secondary cycloalkyl magnesium halides 
the only product that could be isolated was a hydrocarbon; the structure corresponded to primary isoptene hydro- 
bromide. 

Thus, isopropyl magnesium bromide reacts with isoptene hydrobromide to form a mixture of hydrocarbons 
( total yield 36%, figured ' on the isoptene), from which only 2.5-dimethylhexene-2 ( 23%) was isolated. 

CH3C=CHCH2Bt+(CH3)2CHMgBt — 5- CH3C=CHCH2CHCH3 
CH3 CH3 CH3 

3,3,4-Ttimethylpentene-l, corresponding in structure to tertiary isoptene hydrobromide, could not be isolated 
in the pure sta'e. 

Reaction of cyclohexyl magnesium chloride with isoptene hydrobromide at -70° led to a much lower yield 
(21%) of hydrocarbon fraction, and only one hydrocarbon -2-methyl -4-cyclohexylbutene-2 (yield 12%) -could 
be isolated : 

CHsG^CHCHaBt + CeHuMgBr — CH3C=CHCH2C6H,i. 

<^^H3 (ins 

3,3-Dimethyl-3-cyclohexylpropene-l, corresponding in structure to tertiary isoptene hydrobromide, was not 
isolated in pure form. 

It was furthermore shown that when the reaction with n-alkyl magnesium bromides was performed under the 
same conditions ( i.e. at -70°) with primary isoptene hydrobromide ( isolated in the pure form) , only one hydro • 
carbon is formed, corresponding to this hydrobromide - 2-methylalkcne-2. 

Consequently, if the objective of the reaction is the synthesis of tertiary alkylethylenes, then the reaction with 
organomagnesium compounds should.be carried out at -70°, using undistilled isoptene hydrobromide (immediately 
after its preparation) . 


EXPERIMENTAL 

Isoptene hydrobromide was prepared by the addition of a stoichiometric quantity of dry hydrogen bromide 
upon cooling to -70°. to isoptene ( previously distilled on a column,, b.p. 33.5-34° at 760 mm, ng 1.4220) ; the 
reaction mass was diluted with absolute ether (1:1) and immediately reacted with the alkylmagnesium bromide. 

Reaction of isoptene hydrobromide with alkylmagnesium halides at -70 °. 

An ethereal solution of isoptene hydrobromide ( prepared from 36 g 0.5 mole isoprene) , cooled to -70°. was 
added drop-wise with mechanical stirring, to the alkylmagnesium bromide ( prepared from 24 g of magnesium. 

1 mole of alkyl bromide in.300 ml of absolute ether), cooled to -70°. After addition of all of the hydrobromide 
the reaction mixture was stirred for 2 hours at -70° and was left to stand overnight. The next day. stirring was 
continued for 4-5 hours at room temperature; the compound was decomposed with 10% acetic acid. The ethereal 
extract was washed until it gave a neutral reaction and dried with calcium chloride. The ether was driven off 
the residue was boiled ( with reflux condenser) with sodium to remove traces of the unreacted hydrobromide. 
driven off from the high -boiling dimer of isoprene which had formed during the reaction and then distilled in a 
column over sodium. 

When isoprene hydrobromide reacted with ethylmagnesium bromide under the described conditions, we obtained 
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27 g of hydrocarbon mixture ( 55% on the basis of isoptene) from which we isolated two hydrocarbons: 

1) 3,3-Dimethylpentene-l( 14.6 g ; 30% o f t heoretica l) . 

B.p. 76.5-77° ( 755 mm) . 1.4000. dl* 0.6965, M%) 34.17. C6Hi4r . Calculated 34.06. 

The literature data give t?]: b.p. 76.9* (760 mm),,i^ 1.3991, dj* 0.6961. The dibromide prepared from this 
hydrocarbcsn ( l,2-dibromo-3,3-dimethylpentane) had the following constants: 

B.p. 104-104.5 (20 mm). 96* (8 mm). ng 1.5089. df 1.5570, MJ^ 49.66. CrHj^Btj. Calculated 50.05. 

2) 2-Methylhexene-2 ( 10 g, 20% of theoretical) . 

B.p. 94-94.5° (755 mm), ng 1.4127, if 0.7100, MRq 34.46. Literature data [8] give : b.p. 95.41' 

(760 mm), 1.4103. df 0.7081. 

3) Intermediate fraction (2g) b.p. 77-93.5° (755 mm), np 1.4053. 

When isoptene hydrobromide was reacted with propylmagnesium bromide under the same conditions, we 
also obtained a mixture of two hydrocarbons (34.7 g, 59% of theoretical) from which we isolated: 

1) 3,3-Dlmethylhexene-l ( 13.5 g, 22% of theoretical) . 

B.p. 103.5-104° ( 750 mm),t^ 1.4080, df 0.7127, MRp 38.49. C^b^ . Calculated 38.67. 

Lherature data [9J give ■: b.p. 104° ( 760 mm),np 1.4070, d|'’ 0.7143. 

2) 2-Methvlheptene-2 ( 14.6 g, 25% of theoretical). 

B.p. 121.5° ( 750 mm) , np 1.4180, 64 0.7205, 38.86. Literature data [8] give: b.p. 122.6° ( 760 

mm), 1.4172, df 0.7241. 

3) Intermediate fractiqn (3.1 g) had b.p. 104.5-121.5° (750 mm), ng 1.4140. 

A low-boiling fraction was also separated ( 2.5 g), boiled up to 102.5°, 1.3990, and was, evidently, 

a mixture of hexane and 3,3-dimethylhexerie-l. Literature data for hexane [10] give : b.p. 68.3°, np 1.3752. 

The reaction, of isoprene hydrobromide with butylmagnesium bromide yielded a mixture of two hydro- 
carbons* (37.g, 58% of theoretical), which upon distillation, yielded: 

1) 3,3-Dimethylheptene -l ( 14.7 g, 23% of theoretical ) . 

B.p. 128° ( 741 ram), 1.4150, df 0.7295, 43.33. G,Hi,r . Calculated 43.29. Literature data 

[9] give ; b.p. 128.8° ( 760 nun) , 1.4145, df 0.7295. 

The dibromide prepared from this hydrocarbon ( l,2-dibromo-3,3-dimethylheptane) , had the following 
constai?.ts: 

B.p. 118° (10 mm), 112-112.7° (7 mm), 1.5020, df 1.4382, M%, 58.95. CgHi^rj. Calculated 59.29. 

2) 2-Methyloctene-2 ( 15.3 g, 24% of theore tical) . 

B.p. 144-145° (741 mm) . n*J 1.4240, df 0.7383, MRp 43.57. Literature data [9] give : b.p. 148.2° at 
760 mm, ng 1.4240, df 0.7385. 

3) Intermediate fraction ( 5 g) had boUing range 128-144° ( 741 mm) . 1.4180. 

When isoptene hydrobromide was reacted with isobutylmagnesium bromide, we obtained a mixture of 
hydrocarbons ( 19.3 g, 30% theoretical) , from which we Isolated : 

1) 3.3,5-Trimethylhexene-l (4 g, 6%of theoretica l) . 

B.p. 121-121.5° ( 747 mm) . ng 1.4120, df 0.7271, M%j 43.11. CsHnf . Calculated, 43.29. Literature 
data [9] give : b.p. 121.5° ( 760 mm) , ng 1.4139, df 0.7280. 

2) 2,6-DimetfayIheptene-2 ( 5.8 g, 9% of theoretical ) . 

B.p. 138-139° (747 mm), ng 1.4215, df 0.7322, ,MI^ 43.76. Literature data give: b.p. 138.9° (760 mm), 
ng 1.4224, df 0.7336 [9]; b.p. 142-143°, ng 1.4321, df 0.768 [12], 

• Aside from the two alkenes cited, we separated a fraction 7.6 g, which boiled up to 128°, ng 1.4080, which 
was, evidently, a mixture of octane and 3,3 -dImethylheptene-1 (literature data for octane [11] give -bp 125 6° 
at 760 mm, ng 1.3978). 
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3) Intermediate fraction ( 3 g) boiled at 121.5-138° (747 mm): 1.4237. Low -boiling fraction 

(6.5 g, boiled up to 120°, 1.4011) contained, evidently, 2,5-dimethylhexane ( literature data [13] give ; 

b.p. 109.2° at 760 mm, np 1.3932) mixed with 3,3.5-trimethylhexene-l. 

The reaction of isoprene hydrobromide with isoptopylmagnesium bromide, under the above described 
conditions, yielded a hydrocarbon mixture (21 g, 36% theoretical) from which we isolated 2,5-dimethylhexene-2 
( 13.7 g, 23% of theoretical) : 

B.p. 111.5-112° (747 mm), n^ 1.4150, d|“ 0.7186, MRp 38.80. CsHwp . Calculated 38.67.Literature 

data [14] give : b,p. 111.2-111.5° (747 mm), nfj 1.4120, df 0.7182. 

Low-boiling fraction (6.3 g), boiling range 103-111.5° and iip 1.4140 was a mixture of 3,3,4-trimethyl^- 
pentene-1 and 2,5-dimethylhexene-2. Literature data for 3,3,4,-trtmethylpentene-l [9] give ; b.p. 105.4 , Up 
1.4140, 64“ 0.7287. The fraction that boiled up to 103.5° was. evidently, a mixture of 3,o,4-trimethylpentene- 
-1 and 2,3-dimethylbutane (literature data for 2,3-dimethylbutan2 [15] give : b.p. 58°, np 1.3751) . 

The reaction of isoprene hydrobromide with cyclohexylmagnesium chloride also yielded a hydrocarbon 
mixture (22.4 g, 21% theoretical) , which upon fractionation, yielded 2-metliyl-4-cyclohexylbutene-2 (9.6 g, 
12% of theoretical) : 

B.p. 75° (11 mm), n^ 1.4635, df 0.8258, 50.79. CuHjo T • Calculated 50.33. Literature data 

[4] give ; b.p. 101-102.5" ( 40 mm) . n[J 1.4635, d|“ 0.8283. 

Besides this, we obtained a low-boiling fraction that boiled at 40-75° ( 11 mm), np 1.4505, which 
possibly contained a hydrocarbon with a quaternary carbon atom -3, 3-dimethyl -3-cyclohexylptopene-l. 

Reaction of primary isoprene hydrobromide ( 4-bromo-2-methylbutene-2) with butylmagnesium bromide. 

Isoprene hydrobromide was prepared by the usual method and was vacuum-distilled twice; the fraction 
was collected that boiled at 60-65° (63 mm) and was primary bromide (I) - 4-bromo-2-methylbutene-2. 

Literature data give : b.p. 62-64° (67 mm) [2]; b.p. 82-83° ( 150 mm) [16]; b.p. 77-78.5° ( 135 mm) [17]. 

The reaction of the primary isoprene hydrobromide (33.4 g, 0.22 mole) with butylmagnesium bromide 
and the separation of the reaction products was performed under the same conditions as described above. From 
the obtained hydrocarbon fraction, fractionation yielded 2-methyloctene-2 ( 10.2 g, 36% on the basis of iso- 
prene) , b.p. 144.5-145.2" ( 745 mm) , ng ,1.4252, df 0.7389. 

From the low-boiling fraction, containing octane, 2-methyloctene-2, and possibly, 3,3-dimethylheptene- 
-1, we could not completely isolate the latter by itself. 

SUMMARY 

1. The reaction of alkyl magnesium bromides v/ith isoprene hydrobromide (immediately after its pre- 
paration, without distillation) was studied at low temperature (“70°) ; it was shown that this reaction can serve 
as a preparative method of synthesis. of 2-raethylalkene-2 and of alkenes with a quaternary carbon atom -3.3- 
-dimethylalkenes-1 (in total yield of 55-59%) , which are readily fractionated by distillation. 

2. Reaction of isoprene hydrobromide with alkyl magnesium bromides ( RMgBr where R =€2115, C3H7, 
iso-CsHy, C4H9. iso-C4H9, CgHji) gave 3,3 -dimetliylpentene-1, 3.3-dimethylhexene-l, 3,3,5-trimethylpentcne- 
-1, 2-methylhexene-2, 2-methylheptene-2, 2,5-diinethylhexene-2 and 2-methyl-4-cyclohexylbutene-2. 

3. A study was made of the reaction at -70° of butyl magnesium bromide with primary isoprene hydro- 
bromide -4-btomo-2-methylbutene-2 - prepared in the pure form; only one alkene was isolated from the 
products of this reaction - 2 -methyloctene -2 ( yield 36%) . 
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REACTION OF DIOXANE WITH ACETIC ACID AND ACETIC ANHYDRIDE 


I; 


K. N. Kovalenko. N. A. Trifonov and D. S. Tissen 


Dioxane is now extensively used as a solvent. Undoubted interest is therefore attached to elucidation of 
the character of its interaction with substances belonging to various classes of chemical compounds. This 
accounts for the large number of publications devoted to dioxane solutions [1,2], It is quite natural that dioxane. 
through the medium of its oxygen atoms, should enter into chemical interaction with substances containing polar 
groups in which hydrogen is present [3], In particular, we should expect dioxane to react with organic acids due 
to formation of a hydrogen bond. We confirmed this experimentally in an investigation of the system dioxane - 
acetic acid by measurements of viscosity, density, surface tension and refractive index at 25 and 40°. On the 
other hand in the system dioxane - acetic anhydride ( whose molecule is lacking in a hydrogen atom linked to 
a polar group) , which we also studied with reference to the same properties, chemical reaction does not take 
place. 


EXPERIMENTAL 

Dioxane, pure grade, was kept for a long period over anhydrous calcium chloride, distilled, dried with 
metallic sodiufn and fractionally distilled over sodium. We used a fraction with b.p. 101-101.3° at normal pres- 
sure; df 1.0265, 1.4204 

Acetic anhydride was kept over dehydrated sodium acetate and distilled over the latter at the ordinary 
pressure. The fraction collected for investigation had b.p. 138.8-139°, dj® 1.0737, n*^ 1.3880. 

Acetic acid was prepared from acetic anhydride, purified as above, by mixing with the calculated amount 
of water, df 1.0452, ng 1.3710. 

Viscosity was measured with the help of a capillary viscometer fitted with suitable devices for protecting 
the solutions against access of moisture; density was determined with a Regnault pycnometer, capacity approx. 

& ml; surface tension was measured by the method of lowest pressure of formation of bubbles; the constant of 
the capillary tip was 7.1. Refractive index was measured on a universal laboratory refractometer (Abbd type) 
with a thermostatic device enabling the requited temperature to be maintained to an accuracy of i0.1°. 

System dioxane - acetic acid. Results of measurements of viscosity (i?), density (d), surface tension (o) 
and refractive index (n j, ) of the system ate presented in Tables 1 and 2. where a and y ate the absolute 
tempetamre coefficients of viscosity and surface tension, SV-V ate the contractions in the system calculated 
by the Biton formula [4], and ate the values of refractive index at 25° calculated from the law of mixing 
with allowance for the additivity effect in the system when the composition is expressed in proportions by "vol- 
ume [5], 


The viscosity and surface tension isotherms plotted in Fig. 1 point to the correctness of out assumption. On 
the viscosity isotherms there is a maximum lying close to the ordinate of the solution containing 33.3 mol.-% 
dioxane. This maximum testifies to the occurrence of chemical interaction between dioxane and acetic acid, 
leading to the formation of dissociated dioxane diacetate: 


0 HGpcCHs. 
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Not less convincing ate the surface tension isotherms whose form is characteristic of irrational systems[6-8]. 


TABLE 1 

Viscosity and Surface Tension of the System Dioxane - Acetic Acid 


CHjCOOH 

(moi-%) 

H (m ccntipo/jesJ 



... 

0 —0 

250 

40° 



2 

1.181 

0.919 

0.0174 

33.65 

31.53 

0.141 

20 

1.187 

0.920 

00178 

33.01 

31.30 

0.114 

40 

1,285 

0.981 

0.0202 

32.52 

30.75 

0.118 

60 

1.333 

1.013 

0.0213 

31.70 

30.00 

0.113 

80 

1332 

1.012 

0.0213 

29.34 

27.64 

0.113 

100 

1.193 

0.921 

0.0181 

27.57 

26.07 

0.100 





Adsorption of acetic acid is masked on the surface tension isotherms by the chemical reaction in the sys- 
tem; on the curve of the temperature coefficient of the surface tension this phenomenon is reflected in the sharp 
drop of y on addition of acetic acid to the dioxane ( = 0.100, and )'c 4 HA “ ' 

In Fig. 2 are plotted the density and refractive isotherms of the system dioxane - acetic acid, which like- 
wise support our assumption; the composition is expressed in volume -percent [5,9], The density isotherms re- 
flect the marked contraction in the system; tlVe refractive index isotherms point to a slight positive deviation 
from additivity. Both features are associated in the present case with reaction between the components. 

System dioxane - acetic anhydride. Results of measurements ofij, d, oand np ate presented in Tables 3 and 4, 


TABLES 

Viscosity and Surface Tension of the System Dioxane - Acetic Anhydride 



TABLE 4 




We see from Figs. 3 and 4 that the isotherms of all the properties (except viscosity ) that we studied are 
straight or nearly straight lines. The viscosity isotherms are convex to the axis of composition. Chemical inter- 
action is clearly absent from the system dioxane - acetic anhydride. We may say that this system is almost 
normal in respect of reaction between the components. This fact confirms the correctness of out above suggestion 
about the character of the bond formed by interaction of dioxane with acetic acid. 

SUMMARY 

1. Systems dioxane ~ acetic acid and dioxane - acetic anhydride were studied by measurements of vis- 
cosity, density, surface tension and refractive index at 25 and 40". 

2 . Chemical reaction is observed in the system dioxane - acetic acid, leading to formation of a com - 
pound which is considerably dissociated in solution. 

3. The system dioxane - acetic anhydride is close to normal in respect of reaction between the com- 
ponents. 
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INVESTIGATIONS ON CONJUGATED SYSTEMS 


LX. REACTION OF DIVINYLETHYLACETYLENE WITH TERTIARY BUTYL CHLORIDE AND BROMIDE 
A. A. Petrov and K. V. Leets 


One of us (with Yu. I. Porfiryeva and E. A. Leporskaya) had previously shown that the simplest addends 
can be classified into two groups according to the order of addition to homolpgs of vinylacetylene. Hydrogen 
and hydrogen halides add on at the triple bond, halogens and hypohalites predominantly at the double bond 
[1 -5]. In the case of vinylacetylene itself, all these addends add on exclusively or mainly at the triple bond 
[ 6 ]. 

These regularities in the reactivity of vinylacetylenic hydrocarbons may be correlated with the charac- 
ter of the displacement of electrons in the conjugated system under the influence of radicals, and also with 
steric factors. A larger number of facts must, however, be accumulated for establishment of the actual reasons 
for the regularities. 

Special interest was merited by a study of reactions of vinylacetylenic hydrocarbons with halogen deriva- 
tives of hydrocarbons. The latter usually add on in the same direction as hydrogen halides [7], although the 
positively polarized portion is here not the hydrogen but the hydrocarbon radical. In the case of vinylacetylene 
this general law is observed. Tertiary butyl chloride and bromide in presence of zinc halides add on to vinyl- 
acetylene at the triple bond, the radical going to the first atom of the conjugated system and the halogen to 
the second [8]. a -Chlotoethets add on to vinylacetylene likewise at the triple bond, mainly in the 1,2 -posi- 
tion [9]. 

The results of experiments on reaction of vinylacetylene with tertiary butyl chloride and bromide in pre- 
sence of the corresponding zinc halides also showed a different order of addition: the radical goes to the quater- 
nary carbon atom of the conjugated system, and the halogen to the first atom. Possible intermediate products 
are 3,4-compounds of an acetylenic character (I) which under the influence of the catalyst isomerize to 
identified compounds with an allenic grouping of double bonds (II) or enter into reaction with the original hydro- 
carbon. The latter process accounts for the formation of considerable amounts of high-boiling products with 
the general formula (CH3)3C-(C5H8)x-Hal, where x = 2, 3, etc. Reaction in this direction is actually favored 
by the fact that initially formed acetylenic halides of the propargyl type have a higher reactivity than the 
original tertiary alkyl halides. 

Increase in the excess of hydrocarbon leads to a slight increase in the yield of 1 : 1 addition products. 
Evidently higher products ate also formed as a result of participation in the reaction of more than one multiple 
bond. It must also be mentioned that the addition of alkyl halides to vinylethylacetylene goes very much mote 
slowly than under similar conditions with vinylacetylene. A special experiment established that a small 
amount of reaction product is formed in the course of 2 weeks. After 11/2 months there still remained a 
small amount of the original substance (which had been taken in excess). 

Reaction of vinylethylacetylene with alkyl halides may be expected to lead to 6 addition products in 
1 : 1 ratio: 

C3H5 -G = C -CHHal -CHj -C(CH,)3 (I) CjHj-C = CHal -CH = CHj (IV) 

G(CH,)s 

C3H5-CHal = C = CH-CH2-C(CH,)3 (II) C3H5-C = G = CH-CHjHal (V) 

C(CH,), 

GiHj-GsG-CH-GHjHal CjHg-CHal- = C-GH = CHj (VI) 

C(CH,)s (III) C(GHs)s 



The structure of the prepared products was confirmed by ozonization. Cleavage with ozone of the pro- 
duct of addition of tertiary butyl chloride to vinylethylacetylene gave propionic and tertiary butylacetic acids. 
The products of ozonization did not include halogen -containing acids or carbonyl compounds. Formula (II) 
was therefore assigned to the substance. 

Ozonic decomposition of the product of addition of tertiary butyl bromide to vinylethylacetylene like- 
wise gave propionic and tertiary butylacetic acids. Bromoacetic acid was absent from the okidation products. 
The fraction of acids with the highest boiling point was a bromine -containing acid, evidently a-bromo-y -di- 
methylvaleric acid. On the basis of these data we concluded that the investigated substance is the allenic 
bromide (II) slightly contaminated with the acetylenic compound (I). 

Such a structure of the prepared halides is confirmed by their behavior towards alcoholic alkali. On 
boiling the chloride with lO'/o alcoholic KOH for 1 hour, only 9.4% chlorine goes info solution. Under similar 
conditions the bromide loses 31% bromine. 

Formation in both cases of trimethylacetic acid as the main product of oxidation provided conclusive 
proof that the radical adds on preferentially to the quaternary carbon atom of the conjugated system. Con- 
sequently. in the case of vinylalkylacetylenes. in contrast to the previously, established rule, halogen derivatives 
do not add on in the same manner as hydrogen halides. Only in the case of hydrogen and hydrogen halides 
does the triple bond react at first. In the remaining cases that were investigated, the double bond is mote 
reactive. 

EXPERIMENTAL 

1. Reaction of vi n y le thy la c e ty le ne . wi th tertiary butyl chloride . 

a) From 30 g (0.32 mole) of (CH3)CC1 and 51 g (0.64 mole) of vinylethylacetylene ‘in the presence of 
3 g of ZnClj, 0.3 ml of concentrated hydrochloric acid and 0.3 g of hydroquinone. we obtained 55 g of reac- 
tion products. The duration of the reaction was 16 days. 

Upon vacuum -distillation, the substance was separated into the following fractions: 1st. 50-60° (2.5 mm), 
10.3 g: 2nd. 100-120° (1.5 mm). 5.9 g; 3td. 140-160° (1 mm). 3.6 g; residue -33 g. 

Repeated distillation of the 1st fraction yielded 8.2 g of product: 

B.p. 72-73° (10 mm), df 0.9028, 1.4737. MRp 53.74. CioHijCl pj. Calc. 52.31 

Found %: Cl 20.48. CioH^Cl. Calculated %: Cl 20.54. 

When a weighed portion of the product (0.1765 g) was heated for 1 hour with a 10% alcoholic KOH solu- 
tion. 9.4% (0.0034 g) of chlorine passed into the solution. 

7.5 g of ozonides was obtained upon ozonation of 5.3 g of the substance. After decomposition of the 
ozonides, the ethereal extract did not contain carbonyl compounds (test with 2,4-dinifrophenylhydrazine in 
acetic acid). Propionic and tertiary butylacetic acids were isolated upon distillation of the obtained acids. 
Propionic acid (b.p. 140-143°) was purified through the sodium salt. The acid was dissolved in methanol and 
neutralized with a methanolic solution of NaOH. With addition of acetone, sodium propionate precipitated 
out. After 2 -fold teprecipitation, the compound was dried at 150° and analyzed. 

Found %: C 36.87; H 5.33; Na 24.45. CjHjOjNa. Calculated %: C 37.53; H 5.25; 

Na 23.96. 

The amide, mp. 81°, and the anilide, m.p. 104°, were prepared from the salt by the usual methods. 

Literature data [11] give: amide of propionic acid - m.p. 81.3°, anilide - m.p. 105*. 

Tertiary butylacetic acid (boiling range 92-97° at 26 mm) also was purified through the sodium salt. The 
acid was neutralized by a solution of NaOH in methanol. The methanol was evaporated down to dryness. The 
residue was extracted with hot acetone ( +0.5% H^O). The crystals that came down from the acetone were again 
recrystalUzed from acetone (+0,5% HjO). 

Found %: C 52.48; H 8.16; Na 16.01. CsHuOjNa. Calculated %: C 52.16; H 8.02; Ma 16.15. 


• It was prepared by the usual method [10]. 
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From the salt we prepared the amide, m.p. 131.5°. A mixture test gave m.p. 131.5°. Literature data 
[12] give: m.p. 132°. 

Not one of the acid fractions or the small residue from distillation contained halogen. 

From the 2r‘d fraction a second distillation yielded 2.5 g of substance: 

B.p. 110-115° (2 mm), df 0.9485, 1.5013, MRp 78,55. CisH^Clpj c. Qalc. 78.03. 

Found % Cl 14.27. CieHjsCl. Calculated %: Cl 14.02. ^ 

Upon hydrolytic decomposition of a sample of the substance under the above described conditions, 14.5% 
chlorine passed into solution. 

From the 3rd fraction we isolated 1.5 g of substance: 

B.p. 145-155° (2 mm), df 0.9850, n^ 1,5153. MRp 102.04. qaBssClp^p^. Calc. 103.63, 

Found %: Cl 10.98. CjjHgjCl, Calculated %: 10.65. 

b) When the reaction was performed with another ratio of components: 66 g (0.72 mole) of (CHs)gCCl and 
40 g (0.5 mole) of vinylethylacetylene, we obtained 30 g of substance wh_ich upon fractionation, was separated 
into a fraction which boiled at 50-60° (2.5 mm), 4.8 g, and a residue of 24 g. From the 1st fraction we isolated 
a compound, b.p. 72-73° at 10 mm, dl" 0.9020. 1.4728. 

2. Reaction of vinylethylacetylene with tertiary butyl bromide. 

45 g (0.33 mole) of (CHj)gCBr and 53 g (0.66 mole) of vinylethylacetylene in the presence of 4,6 g of 
ZnBrj, 0.2 g of concentrated hydrobromic acid and 0.2 g of hydroquinone were reacted for a period of 49 days 
and we obtained 55 g of reaction product. Vacuum -distillation at 50-70° (2 mm.) yielded 17.5 g of substance. 
Residue — 35 g. 

A second distillation of the 1st fraction yielded 11 g of substance. 

B.p. 86-88° (10 mm), dl" 1.1178, n|^ 1.4973, MRp 57.02. CjoHiyBrpg. Calc. 55.20. 

Found %: Br 36.42. CigH^Br. Calculated %: Br 36.80. 

Upon hydrolytic decomposition under the above described conditions, 31% of bromine passed into solution 
(the sample weighed 0.2866 g; we found 0.0327 g of bromine ion). 

Ozonization of 6.8 g of the sub, stance yielded 9 g of ozonides. After the usual decomposition of the 
ozonides, the otgaaic acids, extracted with ether,were separated by distillation into the following fractions: 

1st, 140-145° (756 ram), 0.8 g; 2ad, 90-100° (26 mm), 1.9 g; 3rd. 100-130° (2 mm), 0.4 g; residue - 0.3 g. 

The 1st and 2nd fraction did not contain halogen. From the 1st fraction, we isolated the sodium salt of 
propionic acid by the previously described method. 

Found %: C 37.91; H 5.08; Na 24.21. CsHgO^Na, Calculated % C 37.53; H 5.25; Na 23.96. 

From the 2Rd acid fraction, we isolated the sodium salt of tertiary butylacetic acid. 

Found %; G 51.79: K 8.00; Na 16.48. CgHgiOgNa. Calculated %: C 52.16; H 8.02; Na 16.15. 

From the salt we prepa.ted the amide of tertiary butylacetic acid, m.p. 131.5°, A test mixture melted at 
the same temperature. The 3rd acid fraction contained halogen. The sodium salt of this acid, prepared from 
methanol, was washed with anhydrous ether after the methanol had been evaporated off. 

Found %: Br 33.36. CjHjjC^BtNa. Calculated %: Br 34,56. 

All analyses for halogen were performed according to Prinasheim. 

SUMMARY 

1. The reaction of vinylethylacetylene with butyl chloride and bromide in pte.sence of zinc haMdes was 
investigated. 

2. It was shown that in both cases addition takes place with binding of the radical (the positively polarized 
portion of the molecule) at the terminal atom of the ethylenic bond, i.e. not at the same point as that of addition 
of hydrogen halides. 
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ACTION OF ACETYL CHLORIDE AND ACETIC ANHYDRIDE UPON ALKYL ESTERS 
OF ARSENIOUS ACID 


Gilm Kama! and Z. L. Khisamova 


In the preceding investigation [1] one of us studied the action of acetyl chloride and acetic anhydride 
upon some alkyl esters of o-methoxypropylene glycol arsenious acid. It was found that the reaction with acetyl 
chloride goes with formation of the acid chloride of a-methoxypropylene glycol arsenious acid without rupture 
of the ring; with acetic anhydride the product is the monoacetyl derivative of n-methoxyptopylene glycol 
arsenious acid. 

Continuing the investigation, we have studied the reaction of acetyl chloride and anhydride with the 
simplest alkyl esters of arsenious acid. By the action of 1 mole acetyl chloride on 1 mole ester of arsenious 
acid, the reaction goes with slight heat development according to the equation; 

(R0)3 As + CHjCOCl — > (ROljAsGl + CHjCOOR. 

In our experiments wo isolated six acid chlorides of dialkyl arsenious acids (Table 1). 


TABtE 1 


Preparation Noj 

Ffflmuia- 

Boiling point 
at pressure 
(mm) 


-20 

Content in 

A. ' 1 

'.Cl 

found 

calc. 

found 

calc.. 

1 

c,H,o>— 

72-73“ (10) 

1.2987 

1.4672 

34,19 

34.92 

16.57 

16.87 

2 

V\-(C,H,0),A.CI. . 

73-75(10) 

1.2447 

l.«83 

32.67 

32.47 

15.91 

; .15.51 

3 

V\-C,H,0\ ^ 

96-96.5(14) 

1.2280 

1.4630 

30.86 

30.88 

14;33 

14.62 


iSfc(C,H,0),AiCl , 

108-111(25) 

1.2276 

1.4639 

29.73 

29.39 




Y1KC,H.O),AsC1 . . 

110-112(10) 

1.2401 

1.4569 

29.29 

29.39 

- — , • 


. 6 

A-(C.HuO),AsCl . 

140-143(2) 

1.0960 

1.4642 

23.71 

23.96 

11.09 

11.34 


The prepared acid chlorides of dialkylarsenious acids are colorless, readily mobile liquids. They are easily 
hydrolyzed by atmospheric moisture with formation of arsenic ttioxide; they react with hydrogen sulfide to give 
a yellow precipitate. Our attempt to obtain dialkyl arsenious acids by sapoiUfication of equimolar amounts of 
the acid chlorides with water did not meet with success; In its general form the saponification reaction may be 
represented by the equkion: 

2(RO)jA8Cl + 3HOH — > AsjO, + 4ROH + 2 HCl, 

Acid chlorides readily enter into reaction with alcohols In presence of anhydrous pyridine with fotmatipn 
of mixed esters of arsenious acid. In this manner we synthesized ethyl-dipropyl, ethyl-dibutyl and propyl- dibutyl 
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esters of arsenious acid. The mixed esters react with acetyl chloride to form asymmetrical acid chlorides, 
alkoxy groups being replaced by chlorine according to the following scheme; 


CjHsO CjHgO 

/As-OC,H, + CH,-COCl ^AsCl+ CH,-COOC,H7. 

CjHtO CjH^O 

We also studied the interaction of alkyl esters of arsenious acid with acetic anhydride. Our experiments 
showed that these alkyl esters, when heated with acetic anhydride, form mixed anhydrides of dialkyl arsenious 
and acetic acids according to the scheme: 

CH3-CO (RO)jAs 

(RO),As + -> ^0 + CH,-COOR. 

CHs-CO''^ CHs-CO"^^ 

Some data for these mixed anhydrides are presented in Table 2. 

The separated mixed anhydrides are colorless liquids which are unstable in the air, undergoing hydrolysis 
with formation of a white precipitate of arsenic trioxide. 


TABLE 2 


No. 


Boiling point 

df 


j Content in 7o 


at pressure 
(mm) 



found 

calc. 

1 


111—112° (12) 

1.1554 

1.4420 

26.45 

26.69 

2 

n-(c,H.o)wt.\^ 

125-126(10) 

1.1803 

1.4483 

•26.74 

26.69 

3 

CHr-CO 

n-(C,H,.0),Ai\^ 

146-148 (5) 

1.0954 

1.4520 

22.46 

22.29 


CH,-CO 







In view of the latter reaction, it was of interest to study the reaction of acetic acid with alkyl esters of 
arsenious acid. Our experiments established that reaction of 1 mole acetic acid with 1 mole of aliphatic arser.= 
ite at elevated temperature led to formation of alkyl acetates, mixed anhydrides of dialkyl arsenious and acetic 
acids, arsenic trioxide and the corresponding alcohols. Formation of these substances may be represented by the 
following series of reactions; 

(RO)jAs + CHjCOOH -> (ROljAsOCOCH, + ROH, 

ROH + CH3COOH *=» CH3COOR + HiO, 

2 (RO),As-OCOCH 3 + 3H,0 ->> AS1O3 + 2CH3COOH + 4R0H, 

(ROljAs+SHjO s=R 6R0H+AS803. 

EXPERIMENTAL 

The initial substances, l.e. alkyl esters of arsenious acid, were prepared by heating arsenious acid an- 
hydride with the corresponding alcohols. Certain data on them ate given in Table 3. 

Preparation of mixed esters of arsenious acid, 30 g of ethoxydichlotoatsine wa? added through a dropping 
funnel, with cooling, to a mixture of 19 g of n-ptopyl alcohol, 25 g of anhydrous pyridine and 250 ml of ethyl 
ether. The precipitate was filtered off and washed with ether. After the ether was driven off on a water bath. 
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the remaining mass was distilled through a Widmet column in vacuum. Yield 12.1 gfSl.O'Jfc). The ethyl-dirn- 
-propyl ester of arsenious acid was a colorless light- refracting liquid: 

B. p. 92-93’ (19 mm), df 1.1325, n“ 1.4423, MRp 54.51; calc. 54.89. 

Found 70; As 31.14 .. CgHijOsAs. Calculated 7o: As 31.45. 

In this way we synthesized the ethyldibutyl and propyldibutyl esters of arsenious acid. Certain data on 
these esters are given in Table 4. 


TABLE 3 


No. 

Formula 

Boiling point 
at pressure 
(mm) 

df. 

-20 

1 Content As ( ln<5(i) 

found 

calc; 

1 



97-98° (13) 

1.1132 

1.4391 

29.70 

29.71 

2 

iSo-{C.H/)),A. .... 

116-117 (12) 

1.0568 

1.4390 

25.60 

25.76 

3 

4C,H,0).A 

109(4) 

1.0683 

1.4428 

25.54 

25.76 

4 

Vl-(C,H,.0).A. .... 

159(2) 

11)119 

1.4502 

20.03 

19.70 


TABLE 4 


Preparation 

Formula 

Boiling point 

d«~'" 

"D 

1 Content As (in fo) 

number 


at ptessure(mm) 


Found 

Calculated 

1 

2 

CjHsOAsfOC^Hslj 

n-C,H70As(0C4Hs)* 

110-113* (9) 
112-112.5(14) 

1.1262 

1.0930 

1,4542 

1.4438 

28.48 

26.83 

28.14 

26.73 


Preparation of a di-n-propylarsenlous acid chloride. 20 g of n-trlpropylarsenite and 6.2 g of acetyl chlor- 
ide were placed in a Arbuzov distilling flask. The temperature of the liquids rose from 19 to 33* upon mixing. 
The reaction mixture was further heated to 110* in the course of 30 minutes. The reaction products were dis- 
tilled; ist fraction, up to 50* (13 mm), 6.5 g, np 1.3852, was propyl acetate; 2nd fraction 73-75* (10 mm), 

13.8 g, dj® 1.2447, n|j 1.4683— was a colorless readily hydrolyzed liquid. 

Found 7o: As 32.67, 32.36; Cl 15.91; MRp 49.15. CsHmOjCIAs. Calculated 7o: As 32,47; Cl 15.51; 

MRp 48.85. 

Preparation of ethyl-n-propylarsenious acid chloride. 15.4 g of ethyl-di-n-propylarsenite and 5 g of 
acetyl chloride were taken. Upon combination the temperature of the liquids rose to 43*. The contents of the 
flask were further heated on an oil bath for 10 hours. The next day, the contents were distilled. The following 
two fractions were separated: 

1st, b.p.l0lTl02*, np 1.3828, which corresponded to propyl acetate; 2nd, b.p. 72-73* (10 mm)- a color- 
less liquid, df 1.2987, n^ 1.4672. 

Found 7o: As 34.49; Cl 16.57. CsHi*OjClAs. Calculated 7o: As 34.94; Cl 16,53. 

The other two dialkylarsenious acid chlorides were prepared by the above method, by reacting equimole- 
cular quantities of trialky latsenite and acetyl chloride. 

Preparation of mixed anhydride of dibutylarsenious and acetic acids. A mixture of 20 g of tributyl ester 
of arsenious acid and 6.8 g of acetic anhydride was heated on an oil bath at 140-146* for 7 hours. Vacuum- 
distillation yielded the following fractions: 1st, up to 30*(20 mm), 7.6 g and 2nd, 125-126*(10 mm), 14.2 g. 
After distillation, from the 1st fraction we isolated pure butyl acetate, b.p. 125* and h” 1.3944, 7,1 g. A second 
distillation of the 2nd fraction yielded a substance with the same boiling point; dj'' 1.1803, np 1.4483. 

Found %: As 26.59, 26.72. CijHjiO^As. Calculated %: As 26,69. 

The analyticaLdata for arsenic showed that the isolated compound was the mixed anhydride of dibutyl- 
arsenious and acetic acids. 



The synthesis for the other mixed anhydrides of composition (RO)2AsOCOCH3 is the same as the one 
described above. 

Action of Acetic Acid on T ria Ik yl arse nite s 

Experiment 1. 13 g of n-propyl ester of arsenious acid and 3 g of glacial acetic acid were heated on an 
oil bath to the boiling point for 30 minutes. The reaction proceeded with evolution of arsenious acid anhydride. 
Distillation yielded 6 g of a fraction that boiled at 96-102' (theoretical yield 5.5 g). After a second distillation, 
we isolated a compound, b.p. 101-101.5', n^J 1.3846, which corresponded to n-propyl acetate. Later, upon 
vacuum-distillation, we isolated a fraction, b.p, 103' (10 mm), nfj 1.4440. 

Found As 29.68, 29.90. C8H„04As. Calculated As. 29.73. 

The analytical data for arsenic showed that the compound was the mixed anhydride of dipropylarsenious 
acids. However, it must be noted that determination of the acetyl group gave contradictory results: instead of 
19.61 mg, we found 11.62 mg. 

Experiment 2. A mixture of 11.3 g of n-hexyl arsenite and 1.8 g of acetic acid was heated to 120' for 
40 minutes. During this reaction, a white precipitate of arsenic trioxide separated out. Vacuum-distillation 
yielded two fractions: 1st, b.p. 62' (16 mm), np 1.4170, and 2nd, b.p. 153' (2 mm), np 1.4510. 

The 1st fraction was redistilled: b.p. 169' (760 mm), which corresponded to n-hexyl acetate. We could 
not isolate a single compound in its pure state from the 2nd fraction. 

Hydrolysis of dibutylarsenious acid chloride. 3 g of dibutylarsenious acid chloride was mixed with 45 ml 
of water. The hydrolysis reaction proceeded very vigorously with the formation of a white precipitate. The 
precipitate was filtered off, washed and dried to constant weight. 

Found '7o: As 75.41. AsjOa. Calculated “fo; As 75.73. 

Action of hydrogen sulfide on di-n-propylarsenlous acid chloride. Dry hydrogen sulfide was passed into 
a solution of 2.3 g of the acid chloride in 40 ml of absolute ether. The reaction evolved heat and a yellow 
precipitate formed. The further course of the reaction was described in the literature [2], The weight of the 
arsenic trisulfide obtained, was 1.18 g (%&%). 

SUMMARY 

1. Reaction of equimolar amounts of acetyl chloride and alkyl esters of arsenious acids gave some acid 
chlorides of dialkyl arsenious acids. Their properties were studied. 

2. It, was shown that asymmetric acid chlorides are formed on reaction of acetyl chloride with mixed 
esters of arsenious acid. 

3. Reaction of acetic anhydride with trlalkyl arsenites gave mixed anhydrides of the general formula 
(ROljAsOCOCHj whose properties were studied. 

4. If was shown that a complex reaction takes place between acetic acid and triaikyl arsenites with 
formation of alkyl acetates of the mixed anhydrides, arsenic trioxide and the corresponding alcohols. 

5. An attempt to prepare dialkyl arsenious acids by hydrolysis of the corresponding acid chlorides was 
unsuccessful. 
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TERTIARY TRIHYDRIC ALCOHOLS OF THE ACETYLENIC SERIES 


AND THEIR TRANSFORMATIONS 

IX. DEHYDRATION OF 2-METHYL-5-(1-HYDR0XYCYCL0HEXYL)-HEXYNE-3-DI0L-2,5- 
AND 2,4-DI-(1-HYDR0XYCYCL0HEXYL)-BUTYNE-3-0L-2 

V. I. Nikitin and A. Kh. Khamatov 


In preceding communications [1] we described the dehydration of 2,3,6-trimethyIheptyne-4-triol-2,3,6 
and of 3,4.7-trlmethyloctyne-5-tti61-3,4,7 with sulfuric acid, potassium bisulfate and p-toluenesulfonic 
acid. Dehydration was shown to proceed preferentially with formation of a -glycols of the isopropenylacetylene 
series in yields of 60-70<i(). Concurrently dehydration of the triols also proceeds to a smaller extent (4-8%) with 
loss of two molecules of water and formation of dienynic carbinols. 

In the present investigation our objective was the clarification of the influence of cyclic radicals, intro- 
duced into the molecule of an acetylenic triol, on the character of the dehydration reaction. For this' purpose 
we subjected 2-methyl-5-(l-hydtoxycyclohexyl)-hexyne "3-diol-2,5 (I) and 2,4-di-(l-hydtoxycyclohexyl)- 
-butyne-3-ol-2 (IX) to the action of dehydrating agents. These two compounds were synthesized for the first 
time by one of us. and S. D. Savtanskaya [2]. 

2-Methyl-5-(l-hydroxycyclohexyl)-hexyne-3-diol-2,5 (I) was subjected to the action of 20% sulfuric 
acid, potassium bisulfate and p-toluenesulfonic acid. In each case we were able to isolate two compounds: 
an a-glycol of the isopropenylacetylene series- 2 methyl-5-(l-hydtoxycyclohexyl)-hexene-l-yn-3-ol-5 (11), 
and a dienynol- 2-methyl-5Kl-'hydtoxycyclohexyl)-hexadien-l,5-yne-3(IU): 


HO OH -pH HO OH 

/NLr_c=C-(j-CH3 — ^ A!-(l-CsC-C=( 

'■ ! (ii 


CH., 
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\/ 


CHs 


CHs 


/\l 




C-CsC-C=CHs- 
(JHs 


> (^'^.LcH-CHa-CHa-CH-CHs. 
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The yield of the enynediol (II) on dehydration both with sulfuric acid and potassium bisulfate was only 
10%: that of dienynol (H) was 48% with sulfuric acid' and 26% with potassium bisiilfate. On carrying out the de- 
hydration with p-toluenesulfonic acid, however, the yield of the enynediol ( II) rose to 26% and that of the 
dienynol (III) was 25% calculated on the original acetylenic triol. In all cases the dehydration of the triol is 
accompanied by considerable resinification of the reaction products. . 



The structure of glycol(n) was verified by oxidation with potassium permanganate; this reaction gave 
cyclohexanone, acetylcyclohexanol and formic, acetic and oxalic acids. 

Hydrogenation of glycol (III) both over platinum and palladium catalyst in methanol solution proceeds 
violently, but after addition of 2 moles hydrogen the rate of addition of hydrogen slows down appreciably. On 
Introducing the calculated amount of hydrogen (2 moles) we obtained the ethylenlc glycol, 2-methyl-5-(l- 
hydtoxycyclohexyl)-hexen-2-ol-5 (IV). 

Oxidation of the latter with permanganate gave cyclohexanone, acetylcyclohexanol and acetic, oxalic, 
adipic and formic acids (the last-named in insignificant amount). Acetone could only have been formed from 
2-methyl-5-(l-hydroxycyclohexyl)-hexen-2-ol-5(IV). Concerning the very small amount of formic acid, 
this might have been formed either by oxidation of the acetone [8] or by oxidation of 2-methyl-5-(l-cyclo- 
hexyl)-hexen-l-ol-5 (V) which could possibly have been present as a minor impurity. The latter route is mote 
probable. 



Exhaustive hydrogenation of glycols (II) and (IV) in glacial acetic acid solution led to the saturated glycol, 
2-methyl-5-(l-hydtoxycyclohexyl)-hexanol-5 (VI). 

The stmcture of the dienynic alcohol (III) was confirmed by oxidation with potassium permanganate, which 
led to formic, acetic, oxalic and a-hydtoxyhexahydrobenzoic acid. Hydrogenation of the dienynol ( III) leads 
to absorption of 4 moles hydrogen with formation of 2-methyl-5-(l-hydtoxycyclohexyl)-hexane (VII). 

Under the action of 25‘?o sulfuric acid, the saturated glycol (VI) does not undergo the pinacoline rearrange- 
ment but is dehydrated with loss of two molecules of water and formation of a diene hydrocarbon which in all 
probability is 2-methyl-57(l-cyclohexenyl)-hexene-4 (VIII). 

The action of dehydratingagents upon 2,4-dI-(l-hydroxycyclohexyl)-butyn-3-ol-2 (IX) is entirely dif- 
ferent. No reaction products could be isolated after treatment with 5, 10, 20 or 30% sulfuric acid or with potas- 
sium bisulfate. The acid and the bisulfate once again had a great destructive action on the molecule to the 
accompaniment of marked resinification. Even p-toluenesulfonic acid is such a strong dehydrating agent for 
“I this acetylenic glycerol that the main reaction product is a diehic carbinol — 2-(l-hydtoxycyclohexyl)-4- 

(cyclohexenyl-l)-buteh-l’yne-3 (X) in yield of 40%, while the yield of glycol, 2-(l-hydtoxycyclohexyl)-4- 
(cyclohexenyl-l)7butyn-3-ol-2 (XI), does not exceed 1%, 



The amount of glycol (XI) was too small for oxidation, but on the basis of analysis we can infer, by 
analogy with the preceding cases of dehydration, that its structure Is that of an a -glycol. It absorbs 3 moles 
hydrogen in exhaustive hydrogenation and gives a saturated glycol - 2-(l-hydtoxycyclohexyl)-4-cyclohexyl- 
butanol-2 (XU). 
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The structure of 2-(l-hydroxycyclohexyl)-4-(cyclohexenjrl-l)-buten-l-yiie-3(X) was conflnned by 
permanganate, oxldaticai, which gave cyclohexanone and fonnic. oxalic and adipic acids. Judgiiig by this te- 
. suit, the dienynol can be assigned the stmcture of either 8-(i*hydroxycyciobexyl)*4^cyclohexenyl<l)-buten- 

l-yne-3 (X) or of 2s;cyclohexenyl-l)-4-(l-hydimyeyclo)i^l)-buten-l-yne'3. In.trtew of the fact that 
hydroxyls adjacent to a triple bond are more labile, at confirmed by the Invettigatirms of many chemists [3-7] 
and by our studies fl], we regard structute (X) at die more probable one for this dieaymd. 

On hydrogenatloa,the dienynol (Xj ukes up 4 moles hydrogen to form the saturated alcohol, 8-<i-hydroxy- 
cyclohexyl)-4*cyclohexylbuude(Xin). 

EXPERIMENTAL 

2-Methvl-S-(hvdtoKvcvclohexvl)-hexvne-3-diol*8.S was prepared by the previously described method 
of condensing dimethylaeetylenylcarbinol with acetylcyclohexanol [2]. B.p. 161-165* ( 3 mm), m.p. 87-68*. 

1. Dehydration of 8-Methvl-6 -( l-hvdtoxvcyclohexvl)-hexvne-3-dlol-2.6 f 1) 

With sulfuric acid, A mixture of 20.6 g of 2-methyl-6-{l-hydroxycyclohexyl)-hexyne-3-diol-2,6 and 
150 ml of 20% sulfuric acid was heated on a boiling water bath for 2 hours. A violet- colored oily product 
separated out, was extracted with ether, treated with dilute soda solution, dried with sodium sulfate and after 
the ether was driven off, it was vacuum-distilled at 3 nun. We obtained fractioiit; 1st, b.p. 100-103*, 8.8 g, 
crystals, m,p. 47-48^ (from petroleum ether), was 2-methyl-6-(l-hydtoxycyclohexyl)-hexBdlen'l,6 yae-3(III)i 
2tid, b.p. 120-126*, 2g, crystals, m.p. 74-76* (from benzene), was 2-methyl-6-(l-hydtoxycyclohexyl)-hexen- 
l-yn-3-ol-5 (11); Std, b.p. 150-155*, 2.2 g, m.p. 87-88*** initial substance; teslnified residue of 8.4 g. 

With potassium blsuifate. A mixture of 18.7 g of 2-methyl-6-(l-hydtoxycyclohexyl)-hexyne-3-dlol-2,6 
with 8 g of finely ground potassium blsuifate. and 0.1 g of pyrogallol was heated over a bath, to 140-146* in 
4 mm. vacuum. At 110-135*, 13,4 g of substance was distilled off. The crude product was dissolved in ether, 
dried with sodium sulfate and after the ether was driven off, it was vacuum-distilled at 3 mmt Ist fraction, 
boiled at 100-103*, 4.7 g, crystals, m.p. 47-48*; 2nd fraction boiled at 100-135*, 1.9 g, crystals, m.p. 74-76*; 
reslnlfied residue of 3.5 g. 

With p-toluenesulfonic acid. 25 g of 2-mfithyl-6*<l-hydtoxycyclohexyl)-hexyne-3-diol-2,6 was heated 
with 5 mg of p-tOluenesulfonic acid.to 186-170* in 7-8 mm vacuum. At 145-160*, 17,7. g of substance dis- 
tilled off. The reaction products were dissolved in ether, dried with sodium sulfate, and after the ether was 
driven off, they were vacuum-distilled at 3 mmi 1st faction boiled at 100-103*, 8.2 g, ctysuls, m.p. 47-48*; 

2nd fraction boiled at 120-126*, 8,6 g, crystals, m,p. 74-75*. 

Analysis of 2-Methvl- 6-( 1 -hvdrox vcvclohexvD-hexadlen- 1,6- vne - 3 (III) 

Found %; C 81,93, 81.98; H 9.98, 9.64; OH 9.7, 9.4. CuHt|0, Calculated %i C 62,10; H 9.47; OH 9.0. 

Oxidation, Drop-wise, in the course of 8 hours, 800 ml of 3% potassium permanganate solution, was added, 
with mechanical stirring, to 4.4 g of methyl-fhydroxycyclohexyD-hexadlenyne (111) In 100 ml of water, . When . 
oxidation was complete, the manganese dioxide, was filtered off and the fUtrate was exuacted. with ether. After > 
the ether was driven off, there were no neutral products. The filtrate was then acidified, with hydrodflorio acid 
and the volatUa acids were driven off with steam, it took 246,6 ml of 0.1 N .KQH solutism to neutralize 1000 ml 
of volatile acid distillate. The solution of the volatile acid salts was evaporated down almost tp dryneia. 
Qualitative reactions established the presence of formic acid by the calomel test and of acetic acid*-* by the 
cacodyl test. After the volatile adds were distilled off, the solution was neutralized with alkali and oxalic 
acid was precipitated with CaCli in the form of calcium oxalate. The precipitate was filtered off, dissolved in 
hydtocldoric add and exnaeted with ether in an extractor. After the ether was driven off, we isolated lit g 
of Oxalic acid, ffl,p. i01*108f, which was identified by a mixture test. After predpiution of the oxalic add, 
the fUttate was acidified, with hydrochloric acid and extracted in an exuactpr. Affor the ether was driven, off, 
we isolated 0.8 g of a-hydfoxyhexahydrobenzolc acid, m.p. I06-108*(ftom benzene). A mixture test of the 
product with e-hydroxyhexahydrdbenzdc adimelted at 106-108*. 

Thus, upon oxidation of 2-methyl-6-(l-hydroxycyclohoxyl)-hexadlen“l,B-yne-S, we isolated formic, 
acetic, oxalic and e-hydtoxyhexahydrcbenzdc acid. 

Hydrogenation. 10 ■ of 3-methvl-6-(l-hvdtoxvcvclohexvl)-hexadien-1.6-vne-3 (01) dtiialved m 80 ml 
« of anhydrous methanol was hydnsfenatedover platinum . oxldja (according to AdSuns) in the eojitse of 7;houti. 

6,8 liters of hydmgen was absotbed (8I^, 896 mm). 6.53 liters of hydfogeh was calculated on the basis of .4 moles. 
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Afterthe methanol was dtiven^off, vacuum -distillation yielded 8.5 g of 2-niethyl-5-(l-hydroxycyclo- 
hexyl)-hexan6'(Vnh‘ b.p. i 60-I02''('3 mm). ■ ' ' . . : . • r. 

_ df 0.9150, .n^ 1.4784. MRp 61.31; calc. 61.56. 

Found C 78.79, 78.56; H 13.16,13.13; OH 8.41, 8,61 CisHjgO. Calculated ^o: C 78.79; H 13.13; 

OH 8.58. . ■ ' ' 

Analysis 'of "^2 - Methyl - 5 1 - hy drbx yc y cloh’ex yl ) - hex'eri- 1 y'n- 3 - ol- 5 (11) 

Found <7o: C 74.63, 74.87; H 9.63, 9.69; OH 16.59, 16.4. CisHjoOz. Calculated C 74.94; H 9.6; 

OH 16.35. 

Oxidation. 1200 ml of 3% potassium permanganate solution was slowly, added, drop- wise, with mechan- 
ical stIrring7Tirthe course of 7 hours, to 11.9 g of 2rmethyl-5-01-hydroxycyclohe^yl)-‘hexen-i-yn-3-ol-5 (II) 
in 100 ml of water. Separation and analysis of the products were performed in the same manner as in the 
preceding'experiment. 

We separated 1.9 g of neutral substances, m.p. 150-155“ (690.8 mm), which with semicarbazide gave a 
mixture of semicarbazones of cyclohexanone and acetylcyclohexanol. Utilizing their different solubilities in 
benzene, we were able to separate them; after several recrystallizations from methanol, the soluble portion 
melted, at 164-165° and corresponded to the semicarbazone of cyclohexanone (mixture test). After recrystal- 
lization from methanol, the portion that, was insoluble in benzene melted at 194-195°. A mixture test with 
the semicarbazone of acetylcyclohexanol gave no depression. From the acids we isolated formic and acetic 
acids, 3,5 g (their presence was proved qualitatively by the formation of calorhel and cacodyl oxide), and 
oxalic acid, 1.2 g, m.p. 101-102° (mixture test). - 

Thus, oxidation of 2-methyl-5-(l-hydroxycyclohexyl)-hexen-l-yn-3-ol-5 yielded cyclohexanone, 

. acetylcyclohexanol and formic, acetic and oxalic acids. . 

■ Hydrogenation. 11 g of 2-methyl-5-(l-hyd'roxycyclohexyl)-hexen-l-yn-3-ol-5 (11), dissolved iii 75 ml 
of anhydrous methanol', was hydrogenated over palladium supported on chalk, in the course of 8 hours. After 
2.7 liters of hydrogen 1 22°, 698.6 mm) had been absorbed, hydrogenation almost stopped. 2.75 liters of hydrogen 
was calculated on the basis of 2 molei After' the methanol was driven off, the hydrogenated product was 
vacuum.-distilled, .yield 9:.4 g, b.p. 120-122° (3 mm), which was the ethylenic glycol- 2-methyl-5-(l-hydtpxy- 
cyclohexyl)“hexen-2-ol-5-(I'V). > 

df 0.9853, ng 1.4908, MRp 62.3! CjsHj^GjF. Calc., MRp 62.62. 

Found %: C 73.45, 73.67; H 11.68, 11.24 ; OH 16.21, 16.07. C13H24O2. Calculated C 73.58; 

H 11.32; OH 16.00. . ■ ■ 

Oxidation. 930 ml of 3% potassium permanganate solutipn was added, slowly, drop- wise, with stirring, 
in the course of 8 hoursf to 14.1 g of 2-methyl-5-(l-hydroxycycl6hexyl)-hexen-?(-pi-5 (IV) in 100 ml of water. 
Further, analysis of the oxidation products was performed as in preceding cases. 

Fractionation of the neutral products, of oxidation yielded 0,8,g of acetone, b.p. .54-56°, which gave 
2.4-dihitrpphenylhydrazone, m.p. 126-127° (test mixture). After the acetone was driven off, -the neutral products 
that remained in the solution were extracted in an extractor with ether. ; We obtained 5 g of crude product which, 
upon distillation, yielded: 1st fraction,, b.p. 100-150° (694.1 mm), 0.5 g; 2nd fraction,- b.p. 70-80° (6 mm), 

1.5 g; hg i;4898. .. '■ 

' . The .1st fraction, which boiled at 100-150°. corresponded to cyclohexanone; the semicarbazone,. m.p. 
165-166°, gave np depression in a test mixture -With the femicarbazone of cyclohexanone. The 2nd fraction 
which boiled at 70-80°(6 mm) gave'a semicarbazone, m.p. 194-195°,' which corresponded to the semicarbazone 
of acetylcyclohexanol (mixture test).. The 3rd fraction, b.p. 118-120* (3 mm) proved to be the unoxiclized 
initial-.cpmpound. : ; . ' ' '■ ' ' ' '' ; 

From the volatile acids, we isolated 1.3 g of acetic acid, presence determined by the cacodyl test, and 
traces of formic acid; from the non-volatile acids 1.7 g of oxalic acid, ni.p. 101-102° (mixture tdstj and 
1.2 g of adipic acid, m.p. 150-151° (mixture test). ' ' ' 

Hydrogenation of 2-methyl-5-(l-hydtoxycyclohexyl)"hexen-2-ol-5 (IV). 9.5 g of the substance, dis- 
solved in 30 ml of glacial acetic acid. was hydrogenated over platinum oxide in the course of‘6 hours. ' 1.2 liters 
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of hydrogen (20.5°, 693.4 mm) was absorbed, 1.18 liters was calculated on the basis of 1 mole. The acetic 
acid was neutralized with soda, the hydrogenated product was extracted with ether and dried with spdiura. sulfate. 
After the ether was driven off, the product was vacuum-distilled. We isolated 8,2 g of 2-methyl-5-(hydtoxy- 
cyclohexyl)-hexanol-5 (VI). 

B. p. 115-117° (2.5 mm), df 0.9707, ng 1.4820, MRu 62.84. CisHjsOj. Calc. 63.08. 

Found C 72.56, 72.73; H 12,10, 12.13; OH 15.96, 16.18. CjjHmQj. Calculated C 72.90; H 12.15; 
OH 15,89. 

Dehydration of 2- methyl - 5 -( 1 -hydroxy cyclohexyl ) -hexa nol ■ 5 (VI) 

With sulfuric acid. A mixture of 10 g of the substance and 100 ml of 25*^ sulfuric acid was heated on a 
boiling water bath for 2 hours. After the usual separation of the reaction products, we isolated 7 g of substance, 
b.p. 115-117° (2.5 mm), ng 1.4820, which was the unchanged initial substance. There was 2.5 g of resinified 
residue. 

With potassium bisulfate. A mixture of 8 g of substance and 1.7 g of finely pulverized potassium bi- 
sulfate was heated on a bath to 140° in 12 n.m vacuum. 5 g of substance distilled off at 110-115°. After a 
second distillation, we isolated 4.2 g of substance b.p. 112-114° (12 mm) which was in all probability 2- 
meihyi-5-(l-hydroxycyclohexenyl)-hexene-4(VIIl), 

df 0.8812, ng 1.4985, MRj, 59.26. CijHjj p's- Calc. 59.1. 

Found C 87.64, 87.34; H 12.28, 12.20. CjjHjj. Calculated ■?>: C 87.64; H 12.36. We found no 
carbonyl or hydroxyl groups present. 

Hydrogenation. 0.4914 g of Compound (VIII) in 25 ml of anhydrous methanol was hydrogenated over 
platinum oxide in the course of 2 hours. 146 ml of hydrogen was absorbed (24°, 689,2 mm). 148.5 ml hydrogen 
was calculated on the basis of 2 moles. 

II. Dehydration of 2, 4-Di-( 1 -hy drox ycyclohexy 1)- butyn - 3- ol- 2 (IX) 

2, 4-Di-( 1-hydroxy cyclohexyl)-butyn-3-ol-2 was prepared by the previously described method of con- 
densing acetylenylcyclohexanol with acetylcyclohexanone [2], m.p. 107-109°. 

Upon heating it on a water bath (60-70°) with 50 and 20% sulfuric acid solution, and also, upon distilling 
It in vacuum (6-7 mm) at 150-170* in the presence of anhydrous potassium bisulfate, complete resinification 
occurred and no reaction products could be isolated. 

p-Toluenesulfonic acid. A mixture of 20 g of 2,4-di-(l-hydroxycyclohexyl)-butyn-3-ol-2(IX) and 5 mg 
of a mixture of substances, b.p. 150-160°, distilled off. The reaction products were dissolved in ether, dried 
with sodium sulfate and after the ether was driven off, they were vacuum -distilled at 2 mm: 1st fraction, 
b.p. 148-150°, 8.6 g. 2nd fraction, b.p. 160-170°, 2.6 g. 

Upon standing, 0.3 g of crystals, m.p. 114-115° (from benzene) came down In the 1st fraction; they 
proved to be ionenediol— 2-(l-hydroxycyclohexyl)-4-(cycIohexenyl-l)-b'utyn-3-ol-2 (XI), A second distil- 
lation of the liquid portion of the 1st fraction yielded 8.2 g of substance, b.p. 134-135° (1 mm), which was 
2-(l-hydtoxycyclohexyl)-4-(cyclohexenyl-l)-buten-l-yne-3(X). The 2nd fraction, b.p. 160-170° (2 njm), was 
the initial product, m.p. 107-108° (from benzene). 

Analysis of 2-( 1 -hydroxy cyclohexyl) - 4-(.cv clohexenyl- 1) - but en- 1 - yne- 3 (X) 

B.p. 134-135° (1 mm), df 1.023, ng 1.5555, MRp 72,21. CijH220Fs. Calc. 70.21, 

Found C 83.45, 83.54; H 9.72, 9.60; OH 7.31, 7.35, CisH^^O. Calculated %■. C 83.49; H 9,57; 

OH 7.39. 

Oxidation. 940 ml of 3% potassium pennanganate solution was added slowly, drop-wise, in the course of 
6 hours, to 8.8 g of hydroxycyclohexylcyclohexenylbutenyne (X) In 100 ml H20. Further analysis of the 
oxidation products was performed as in the preceding cases of oxidation. We obtained 4 g of neutral substances 
from which we separated a fraction, b.p. 140-150°, which gave a semicarbazone, m.p. 165-166°, corresponding 
to that of cyclohexanone (mixture test). 

In the volatile acid distillate we detected only formic acid (calomel test), which consumed 34 ml 
1 N KQH solution for neutralization, which corresponded to 0.16 g of formic acid. From the non-volatile acids. 
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we isolated 0.5 g of oxalic acid, m.p. 101-102' (mixture test) and 2 g of adipic acid, m.p. 150-151' (mixture 
test). ■ ' 

Thus, oxidation of 2-(l-hydtoxycyclohexyl)-4-(cyclohexenyl-l)buten-l-yne-3 (X) yielded cyclohexanone 
and formic, oxalic, and adipic acids. 

Hydrogenation. 11.3 g of hydroxycyclohexylcyclohexenylbutenyne (X) in 75 ml of anhydrous methanol 
was hydrogenated over platinum oxide, in the course of 8 hours. 5.250 liters of hydrogen ( 20', 689.4 mm) in- 
stead of the calculated 5.208 liters (4 moles). After the methanol was driven off, the hydrogenated product 
was vacuum-distilled and we isolated 8.7 g of a substance which was 2-(l-hydtoxycyclohexyl)-4-cyclohexyl- 
butane (Xlll)r 

B.p. 148-149' (3 mm), dj" 0.9661, ng 1.5030, MRd 72.83. CisHsoQ. Calc. 73.2. 

Found fo; C 80.46. 80.52; H 12.53, 12.49; OH 7.30, 7.21. C15H30O. Calculated %: C 80.67; H 12.60; 

OH 7.13. 

Analysisof2-(l-hvdroxycvclohexyl)-4-(cyclohexenvl-l)b.utYn-3-ol-2(XI) 

Found <yo: C 77.45, 77.41; H 9.59, 9.50; OH 13.73, 13,81. CigHj^Oj. Calculated <70 : C 77.41; H 9.68; 

OH 13.71. 

Hydrogenation. 1.7 g of hydroxycyclohexylcyclohexenylbutynol (XI) in 25 ml of anhydrous methanol 
was hydrogenated over platinum oxide in the course of 8 hours. 570 ml of hydrogen (27', 685.4 mm) was ab- 
sorbed (561.1 ml calculated on the basis of 3 moles). After the methanol was driven off, 2-(l-hydroxycyclo- 
hexyl)-4-cyclohexylbutanol-2 (XII) formed, was tecrystallized from benzene and melted at 1O6-IOT. 

Found C 79.43. 79.32; H 11.69, 11.76; OH 13.41, 13.22. C15H30O2. Calculated 7o: C 79.53; H 11.81; 
OH 13.39. 


SUMMARY 

1. Dehydration of 2-methyl-5-(l-hydtoxycyclohexyl)-hexyn-3-diol-2,5 (I) goes in two directions: with 
formation of an a-glycol— 2-methyi-5-(l-hydroxycyclohexyl)-hexen-l-yn-3-ol-5 (II), and a dienynic catbin- 
ol— 2-methyl-5-(hydroxycyclohexyl)-hexadien-l,5-yne-3 (III). In presence of sulfuric acid or of potassium 
bisulfate the main reaction product is the dienynic carbinol, while with p-toluenesulfonic acid both products 
are obtained in neatly equal quantities. 

2. Hydrogenation of the a-glycol, 2-methyl-5-(l-hydroxycyclohexyl)-hexen-l-yn-3-ol"5 (II), over 
platinum and palladium catalysts slows down abruptly after absorption of 2 moles hydrogen. An ethylenic 
glycol, 2-methyl-5-(l-hydroxycyclohexyl)-hexen-2-ol-5 (IV) is obtained, which in acetic acid solution in 
presence of platinum catalyst is hydrogenated to 2-methyl-5-(l~hydtoxycyclohexyl)-hexanol-5 (VI). 

3. 2-Methyl-5-(l-hydroxycyclohexyl)-hexanol-5 (VI) does not undergo the pinacoline rearrangement 
under the action of 20% sulfuric acid but is dehydrated to a dienic hydrocarbon, apparently 2-methyl- 5-(cyclO" 
hexenyl-l)-hexene-4 ( VIII). 

4. Dehydration of 2,4-di-(l-hydtoxycyclohexyl)-butyn-3-ol-2 (IX) with 5, 10, 20, or 30% sulfuric acid 

or with potassium bisulfate is accompanied by resinification; p-toluenesulfonic acid dehydrates it with formation 
principally of a dienynic glycol— 2-(l-hydroxycyclohexyl)-4-(cyclohexenyl,-l)-buten-l-yne-3 (X), while the 
yield of a-glycol, 2-(l-hydtoxycyclohexyl)-4-(cyclohexenyl-l)-butyn-3-ol-2 (XI), is insignificant. 
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THE MECHANISM OF DEHYDRATION OF y-GLYCOLS 

U, STUDY OF THE DEHYDRATION OF 2,5-DIMETHYLHEXANEP lOL - ?.5;'44MBrHTl;HEXANED10t,-I,4. 
AND 4-METHYLOCTANEDIOL-l,4 

T. A. Favorskaya and N. P. Ryzhova 


It has been shown by one of us and O. V. Serglevskaya [1] that the primary product of dehydration of 
2-tnethylpentanediol-2.5 is an unsaturated alcohol, 2-niethylpenten-2-ol-5, which then isomerizes to 2,2-dl- 
methyltetrahydtofuran. 

In the present work we established that also other primary-tertiaty y -glycols containing aliphatic radicals 
- 4-methylhexanedlol-1.4(I) and 4-methyloctanedIol-l,4{IV)- are dehydrated by the same mechanism as that 
for the ditertiary y-glycOl, 2,5-dlmethylhexanedlol-2,5 (VII). 


CHi-CH,-COH-CH,-CH,-CH,OH - 

<!;h, 

(') 

r\-C,H,-COH-CHr-CH,-CH,OH - 

in, 

(IV) 

CHr-COH-CHr-CH,-COH-CH:, 

tin, CH, 

(vm 


. CH,-CH.-C=iCH-CH,-CH.OH — »■ 

J-Sr H 

(II) (III)^ 

.f»-C,H,-C=CH-CH,-CH,OH — *• 

(V) (VI) o 

► CH,-C=CH-(M,-COH-CH, — > Otr-CH, 

it. . it. “•>!: 

(VIII ; ch/ y 


Distillation of these glycols with sulfuric acid solution (pH 1.6) gave the unsaturated alcohols; 4-methyl- 
hexen-3-ol-l (il); 4-methyloctene-3-ol-l (V) and 2,5-dimethylhexen-4-ol-2 (VUI). Distlilation at atmospheric 
pressures with a trace of sulfuric acid results in Isomerization to the corresponding tetrahydrofuran derivatives; 
2,2-raethylethyltetrahydrofuran (IH), 2,2-methyl-n-butyltetrahydtofuran (VI), and 2,2,4,4-tetramethyltetta- 
hydrofuran (IX). 

In addition, the tetrahydrofuran derivatives (iri) and (VI) ate obtained on distillation of glycols (I) and 
(IV) with H*S04(pH 1.6) Wgether with alcohols(ID and (V), which conclusively shows that unsaturated e-ethyl- 
enic alcohols are indeed the primary products of dehydration of the types of y -glycols of the aliphatic series 
under investigation. 

The structure of alcohol (V), obtained for the first time, and of its corresponding tetrahydrofuran de- 
rivatives (VI) was proved by oxidation with potassium permanganate; in the first case methylbutyl ketone and 

acrylic acid were obtained; in the second case y-methyl-y-hydroxycaprylolactone; 

Q ■ 
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EXPERIMENTAL 


Synthesis of 2.5-dimethvlhexanediol-2.5 (VIl). This glycol was prepared by the reaction of ethylmagne- 
sium bromide with the ethyl ester of succinic acid. After decomposition of the orga nomagnesium complex, 
extraction, drying, and driving off the ether, crystals of the glycol came down, m.p. 87-88*! the literature data 
[2] give: m.p. 88.5-89*. The aqueous solution, obtained upon decomposition, was extracted in an extractor. 
The total yield of the glycol was 34.5'yo. 

Preparation of 2,5-dimethylhexen-4-ol-2(VllI). 6.6 g of the glycol was placed in a Wurtz flask with a 
solution of sulfuric acid (pH 1.6). The distillation product immediately decolorized KMn04 solution. Yield 
2.4g(42y»). 

^ B.p. 63.5-64* (:15 mm), df 0,8489, ng 1.4438, MRu 40.46; calc. 40.20. 

Found yo: C 75.05; H 12.60; OH 13.41. CjHjsO. Calculated yo: C 75.00; H 12.50; OH 13.29. 

Literature data [31 give: b.p. 165-166*. 

Upon distillation with a drop of concentrated sulfuric acid, the unsaturated alcohol (VIII) converted to 
tetrahydrofuran (IX). Yield 44%. 

B.p. 115.5-116,5*. df 0.8089, nfj 1.4014, MRp 38.44; calc. 38.57. 

Found %: C 74.83; H12.76i CsHijO. Calculated %: C 75.00; H 12.50. 

Literature data [2] give: b.p. 116-117*, d” 0.8113. 

Synthesis of 4-methvlhexanediol-l,4 (I) was carried out by the reaction of ethylmagnesium bromide with 
acetopropyl alcohol. After the usual treatment, the compound was vacuum-distilled. Yield 33%!. 

B.p. 118-119* (8 mm), ng 1.4571. 

Literature data [4] give: b.p. 139-140* (22 mm), n” 1.4575. 

The prepared glycol was distilled with sulfuric acid (pH 1.6). After vacuum -distillation of the, reaction 
products, we obtained two fractions: 

1st, b.p. 27-28* (14 mm), n^ 1.4204; 2nd, b.p. 75.5-76* (12 mm), df 0.8617, nfj 1.4495, MRp 35.52; 
calc. 35.58. 

Found %: C 73.52;, H.li45; OH. 14.88. CvHyO. Calculated %: C 73.68; H 12.28; OH 14.91. 

Literature data [4] give: "b.p. 169-170*, dj’ 0.8610, Up 1.4510. 

The 1st fraction corresponded to the oxide, IIL yield 17%; the 2nd corresponded to alcohol (II), yield 15%. 
Upon distillation of alcohol (II) with a drop of concentrated sulfuric acid, it converted to tetrahydrofuran (III), 
yield 65%, 

B.p. 121-.1.22*, dS" 0.8553, n“ 1.4196, MRp 33.7.0; calc. 33,85. 

Found %: C 73.56; H 12.39. C7H14O. Calculated %: C 73.68; H 12.28. , ' 

Literature data [4] give: b.p. 119-121*, df 0.8593, ng 1.4230. 

4-Methyloctanediol-l,4 was prepared by reaction of butylmagnesium bromide with acetopropyl alcohol. 
After decomposition of the organomagnesium complex, extraction, drying and vacuum-distillation, we obtained 
a 30% yield of glycol, based on the reacted acetopropyl alcohol; 20% was returned. 

. B.p. 144-145* (15 mm), df 0.9158, ng 1.4573, MRp 46.52; calc, 46.81, 

. Found %: C 67.62; H 12,47; OH 21.31. QH^Oj. Calculated %: C 67.50; H 12.50; OH 21.19. 

Literature data [5] give: b.p, 119* (3,5 mtnl. dj* 0,9389, ng 1,4587. 

Upon vacuum-distillation of the products obtained upon distillation of glycol (IV) with sulfuric acid 
{pH 1,6), we separated two fractions: 1st y-oxIde(VI), yield 32.5% and 2nd, alcohol (V), yield 24.58%. 
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Alcohol (V): b.p. 99.5-100* (17 mm), df 0.8524, ng 1.4524, 44.97; calc, 44,82. 

Found%: C 76.19; H 12.75; OH 11,81. CjHuO. Calculated %: C 76,06; H 12,68; OH 11.97, 

Oxide (VI): b.p. 55-56* (10 mm), df 0.8507, ng 1,4300, MRp 43.12; calc. 43.09. 

Found %: C 76,21; H 12.76. CjHigO. Calculated C 76,06; H 12,68. 

, Literature data [6] give: b.p. 168-169*, df 0,8570, ng 1.4298. 

Alcohol (V) was distilled at atmospheric pressure with a drop of concentrated sulfuric acid. The boiling 
point of the prepared oxide (VI) was 164.5-165.5*, 1.4301. 

Oxidation of 2.2-'methyl-n-buiy]ietran.va):oturan (Vi). 9.5 g of KMn0.j was needed to oxidize 6 g of 
tetrahydrofuran. Oxidation was cart ed o a w" a 1% KMn04 solution aad then the salt Was added in the 
form of a finely ground powder. Oxidation was continued ror 7 days. There were no neutral oxidation products. 
The obtained solution of salts was :h sulfuric acid and exttacied with ether. The 

product obtained was vacuum-distiiiea. 

B.p. 113-114* (14 mm), equiv, 101 . 1 . »-aicmated equlv. 156. 

The lactone (X) obtained, was dissolved in ammonia wi.th heating over a water bath, the excess of am- 
monia was removed by evaporation and a concentrated solution of the calculated quantity of silver nitrate salt 
was added to the solution; a snow-white precipitate of the silver salt came down. 

Found %: Ag 38.02. CsHnOjAg. Calculated %: Ag 38.43. 

Oxidatio n of 4-methylocten-3-ol-l (V). 22.5 g of KMn04 was needed to oxidize 6 g of the alcohol. The 
oxidation was complete after 3 hours. The neutral products were steam-distilled and the distillate was con- 
centrated several times by repeated distillation. The first drops of the last distillate were collected in a solution 
of 2-4-dinitrophenylhydrazine. The obtained 2,4“dinitropheny!hydra2one of raethylbutyl ketone was twice 
recrystallized from methyl alcohol. M.p. 103-104*. 

Literature data [7] give: m.p. 106*. 

Found %: N 20.22, Ci2Hi,04N4. Calculated %: N 20.00. 

, The obtained solution of salts was evaporated down, acidified with sulfuric acid and extracted with ether. 

The product obtained was distilled at atmospheric pressure; the fraction that boiled at 144-147* (boiling point 
of acrylic acid is 144*) was collected. 

Found equiv. 73.40. CSH4O5. Calculated equiv. 72,06. 

A solution of the calculated quantity of AgNOj was added to the solution of the potassium salt of acrylic 
acid which was obtained upon titration. 

Found %: Ag 60.19. CjHjQjAg. Calculated %: Ag 60.34. 

SUMMARY 

1. A study was made of the dehydration of 2,5-dimethylhexanediol-2,5; 4-methylhexanedioi-l,4 and 
4-methyloctanediol- 1,4. 

2. It was established that in all these cases the primary products of dehydration of the glycols ate 
6 -ethylenic alcohols which then isomeilze to tetrahydrofuran derivatives. 

3. It was established that this mechanism of dehydration is general for primary- tertiary y-g!ycpls of 
the aliphatic series. 

4. It is also highly probable that this dehydration mechanism is also general for ditettiaty y -glycols of 
the aliphatic series. 

, 5. The unsaturated alcohol, 4-methylocten-3-ol-l, was prepared for the first time and Its structure 

elucidated, 
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THE CHLORIHATION OF KET ENE 


B.A. Poral-Koshits, L.S. Efros and K.Yu. Maiyanovskaya 


A Ithough the literature contains some indications [1,2] to the effect that reactitm of ketene vrith chlorine 
proceeds very smoothly with formation of chlotoacetyl chloride as the sole reaction product, these Indications are 
obviously not adequately supported by experiment since nobody has hitherto undertaken a close study of this re- 
action. 

Out preliminary exploratory experiments showed that reaction of ketene with chlorine proceeds at high 
velocity and is strongly exothermic; we therefore conducted this reaction by mixing 97 -98J5> gaseous ketene with 
an equimolar amount of chlorine Inside a vertical bulb-type water condenser attached to a flask. Reaction was 
instantaneous when the gases were mixed and the resultant products condensed and tan down into the flask. On 
distillation, a product boiling at 51-52.5* was collected, which proved to be acetyl chloride, apart from a main 
fraction with b.p. 103-105* (the boiling point of chlotoacetyl chloride is 103-104*) . Initially we atttlbuted the 
formation of acetyl chloride to traces of water which might have been present in the chlorine; we therefore catei 
fully dried the latter, but the amount of acetyl chloride formed was not reduced. It was then decided to make a 
study of the composition of the main fraction of reaction products vdilch previous investigators had assumed to be 
pure chloroacetyl chloride. Due to the closeness of the boiling points of the chlorides <rf raono-,dI- and trichloro- 
acetic acids, this study could only be undertaken by analytical methods. Dichloroacetic acid was determined af- 
ter alkaline hydrolysis in the form of oxalic acid [3]; trichloroacetic acid by decomposition to chlotoform and 
carbon dioxide [4], and chlotoacetic acid by difference. The accuracy of this method of analysis, perfected with 
artificial mixtures, was checked by determination of the total content of chlorine, and also several times by con- 
version of the mixture of chlorides of chloroacetic acids to their methyl esters which are readily fractionated In 
a column of medium efficiency (20-30 theoretical plates) . 

In all these experiments it was found that the fraction of product distilling at 103-105° contained, apart 
from chlwoaceiyl chlalde, ctaBiderable amounts of dichltseacetyl chltnide, but no trichlfficacetyl cbJoiids. De- 
pending upon the ratio of chlorine to ketene, the amount of dichloroacetyl chloride ranged from 15 to 50%. It is 
also Important to npte that the molar amount irf acetyl chloride formed during the reaction was always slightly 
lower than die amount of dichloroacetyl chloride, This indicated partial separatien , of hydrochloric acid. Vfe sub- 
sequently confirmed the formation of the latter directly by a large-scale experlmem. Indiis way we established 
that chlorination of ketene not only leads to formation of the product of the addition of chlorine - chloroacetyl 
chloride - but the latter is invariably accompanied by dichloroacetyl chloride. The hydrochloric acid formed In 
this process in part reacts with ketene to form acetyl chloride. 

It was still not clear, however, how dichlotostcetyl chloride was formed, At the outset it might be thought 
that it Is the result of subsetpient chlminatioK of the product of primaiy reaction - chltnpacetyl chloride. Accord- 
ingly. we tried to minimize the fermation rd this sulntaitce by shtKtening die period of contact of die reaction 
product with chlorine by lowering the temperature and diminishing the amount of chlorine to 0.5 mole per mole 
(rf ketene; Even under these conditions, however, the reaction, product containednot less dian 12-15% dichloro- 
acetyl chloride. We thereupon decided to investigate the chlorination of chlotoacetyl chloride. It was found that 
in the absence of catalysts, the reaction does not proceed even with prolo^ed Introduction of chlorine into boil - 
ing chlotoacetyl chloride. As catalysts we emph^ed ihosphorus ttichloride, sulfiir monschlfflflde, lodhw* "trij^e 
catalyst" ( mixture of iodine, phosphorus pentacblotide and red phosphorus) , and ij5att,filiBgs. In. all fbe mqpeftimeHis, 
with fairly prolonged action of chlorine on chlotoacetyl chloride both in the cold, and with heating, no.iacrease 
in weight of tire reaction mass was observed. Chlorination; therefore did, not take place. <fely when using pyridine 
as catalyst was a new product, boiling at 106-112”, obtained. Analysis showed It to contain 30% of the original 
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chloroacetyl chloride, about 5% dichloroacetyl chloride, and about ttichloroacetyl chloride. This clearly 
demonstrates that in presence of pyridine dichloroacetyl chloride reacts with chlorine with greater facility than 
does the original chloroacetyl chloride. 

As was said above, ttichloroacetyl chloride is absent from the products of chlorination of ketene. This cir- 
cumstance, as also the inability of chloroacetyl chloride to be chlorinated in the absence of a catalyst, leads us 
to think that iri the chlorination of ketene, dichlotoacetyi chloride is formed not from chioroacetyl chloride but 
by another mechanism. It might be thought, however, that when this reaction is carried out in the gas phase a 
high temperature would be developed at the place of contact of the substances with consequent change of the 
ratio and reactivity of the products; in later experiments we therefore used an inert solvent ( nitrobenzene and 
pure chloroacetyl chloride) with strict control of the temperature. In these experiments, performed at -18 to 
+105°, dichloroacetyl chloride was obtained together with chloroacetyl chloride at all the temperatures in this 
range. The amount of dichloroacetyl chloride in the product tanged from 15 to 50^0 depending upon the molar 
ratio of ketene to chlorine taken into reaction. The maximum yield of dichloroacetyl chloride was obtained 
when this ratio was 1:2, and the lowest yield was obtained when chlorine was passed irito excess of ketene dis- 
solved in chloroacetyl chloride. It should be mentioned that in the latter case the total yield of products of the 
ketene reactioti was very sniall since ketene polymerizes fairly rapidly. 

The experiments demonstrate, in out opinion, that under out selected conditions the ketene reacts not by 
an ionic but by a radical mechanism. Indeed, if the converse were true, hydrochloric acid would have reacted 
with keteiie much mote rapidly than chlorine. Formation of dichloroacetyl chloride, again, is not the result of 
chlotitiatipn of chloroacetyl chloride but of some other substance formed (even if only transiently) under con- 
ditions of radical attacl^ of ketene by chlorine. This substance might be chloroketene, formation of.vrln.ch was 
assumed under the reaction conditions. Subsequently chloroketene might react with chlorine and add on two atoms 
of chlorine at the double ethylenic bond . This side reaction proceeds in parallel with the main reaction of ad - 
dition of chlorine to the double bond of ketene with formation of chloroacetyl chloride. 

EXPERIMENTAL 

Preparation of ketene. The ketene necessary" for the work, was prepared in a special apparatus by pyrolysis 
of acetone. The gases from pyrolysis together with acetone passed through a system of condensers in which the 
main part of the acetone was separated out. Further, the mixture of gases passed into a condenser coil with a 
temperature of -80' where ketene with the acetone residue was condensed and the uncondensed pyrolysis fumes 
were discarded. The concentrated ( SO^o) solution of ketene in acetone then flowed evehly into the vaporizer in 
which the ketene was again evaporated down and separated from the acetone. The resulting ketene was gaseous; 
91-98% with an admixture 1-2% of ethylene. 

, Reaction of ketene and chlorine in gaseous phase . The apparatus into which the gases were passed was a 
spherical condenser with an extra sealed -in inner tube. The ketene passed into the condenser along the sealed -in 
tube and the chlorine passdd around it; the gases mixed in one of the bulbs in the cooling zone. The ketene 
and chlorine were fed in equal streams with the aid of specially graduated rheometers. The chlorine from the 
cylinder was first dried, passing through two bottles containing sulfuric acid . The liquid which formed in the 
reaction flowed down along die condenser into the flask. After the experiment, it Was fractionated and fractions ' 

, were collected: 51-52.5’ ( acetyl chloride), 52.5-104’ (intermediate) and 104-106°(main). The main fraction 
was analyzed for content of chloro-, dichloro- and ttichloroacetyl chlorides. The experimental results are given 
in table 1. 

Besides the experiments given in Table 1, an experiment was undertaken using a 3-foid quantity of chlorine. 
In order to Increase the yield of dichloroacetyl chloride, we performed the expetithenr without cooling the re- 
action zone with running water; thereupon, the temperature' rose so high that at one time there was an explosion. 
The total yield of products in this experiment was 32.5 g (from 13.5 g of ketene and 69 g of chlorine)^ sotae- 
what less than in the other experiments. The dichloroacetyl chloride content of this product was 37%. A final 
experiment was performed, controlling the temperature in the reaction zone; it was held in the interval 150-200’. 
For this experiment it was necessary to dilute the chlorine with 3-4 volumes of nitrogen. From 14.2 g of ketene 
and 29 g of chlorine ( ratio: 1:1.2) , we obtained 40.1 g of product, which contained 24.8% of dichloroacetyl 
chloride. 

Reaction of ketene and chlorine in organic solvents. FOr solvents we used nitrobenzene and pure chloro- 
acetyl chloride, prepared from chlorpacetic acid and thionyl chloride. The experiments were performed in a 
4-necked flask, fitted with condenser, stirrer, thermometer and two bubblers. The flask was externally cooled 
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were passed 'through the set-up. The reaction mass in the flask started boiling almost immediately due to the 
heat of reaction and then boiled evenly. The acetyT chloride which formed was almost completely carried out 
of the flask together with the gaseous hydrogen chloride and condensed in the condenser coil. The liquid of the 
flask and condenser was periodically combined. The experiment was completed after 14.5 hours. We obtained 
2200 g of a mixture of chloro- and dichloroacetyl chlorides, which contained 45.77» dichloroacetyl chloride, 
and in the distillate there was 267 g of acetyl chloride, which totaled based on the ketene used. 

For conversion to methyl esters 625 g of anhydrous methyl alcohol was slowly poured into the above mix- 
ture. The esters were washed with water and after drying with calcium chloride, they were fractionated in a 
packed column ( 12 theoretical plates) . We obtained 1050 g of the methyl ester of chloroacetic acid, b.p. 128- 
130°, and 900 g of the methyl ester of dichloroacetic acid, b.p. 140-142°. 

C hlorination of chloroacetyl chloride in the presence of pyridine . 38.9 g of chloroacetyl chloride was placed 
in a 3-necked flask fitted with reflux condenser, bubbler and thermometer, and 1.1 g of pyridine was carefully 
added; the product was heated to 75-80° and at this ternperature chlorine was passed in at the rate of 90 ml/min- 
ute. After 3.5 hours, when the addition in weight of the product was equal to 10 g, the passage of chlorine was 
halted and the product (48.9 g) was distilled; it boiled at 106-112*. The analytical results for the product were: 

3 li^o chloroacetyl chloride, 5.27 d dichloroacetyl chloride, and 65.4'i'o trichloroacetyl chloride. 

S.UMMARY 

1. Contrary to the literature data, the reaction of ketene with chlorine in the gas phase and in solvents 
leads, rega'dless of the ratio of reactants, to formation of a mixture of chloroacetyl and dichloroacetyl chlorides. 
Acetyl chloride is formed in small amount at the same time. 

2. Reaction of ketene with chlorine may serveasaconvenientpreparative method for obtaining mixtures 
of chloro- and dichloroacetic acids. 
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SYNTHESIS. AND .INVESTiGATION l,l^.JiI"a‘-NAFHTHYL- 
-2-PHENYL-2-BROMOETHYLENE 

A.M. Khaletsky and A.Ya. .Kaplan 


In previous publications [1] we showed that bromination of unsaturated compounds proceeds in various 
directions depending upon the nature of the radicals and the substituting groups. 

* Thus, for example, in bromination of a,a-(p*dIm:ethylainlsopheAxl)-J9 -'phqnylerthylene. bttnnlne' sulntlt- 
utes the hydrogens of the aicnnadc nuclei, but in. the absence of substituents the bnmiise only leplacet the hydro- 
gen of the ethylenlc grouping with formation: of bronwethylenes, in agreement with the tAservatimts of Melsen- 
heimer [2] . 

Later, we established that the rule is followed vdien one phenyl is replaced by ox E -naphthyl, Le. 
bromine substitutes the hydrogen. of the ethylenlc grot^. 

It was of interest to elucidate the mechanism of bromination of deflnlc hydrocarbons in presence of two 
naphthyl radicals at one of the carbtnis. Apart frmn its dieotetical value, this reactlon is of practicBl Importance 
since we know that some phenylated derivatives of bromoethylene possets estrogenic and anticancerigenlc activity, 
for example, trlphenylbromoethylene, dlethoxytrlphenylbromoethylene, etc. [3], 

1,1-Dl-a-naphthylphenylethylene is not described in the lltetatute. The problem of the mechanism of its 
bromlnatlon.could not therefore be sOLved before, We were Interested, furthermore, in studying the relation be- 
tween chemical structure and biological action of l,l-dlrfl-naphthyl-2-phenyl‘a-btomoathyleno (III), which 
could be determined by tests on mice. 

It was thought that the synthesis could be most conveniently performed, by analogy with the previous work 
by reaction of benzyl magnesium chloride with di-a-naphdiyl ketone followed by dehydration of the dl>a>4iaph- 
thylbenzylcarbinol ( 1} and bromination of the resultant 1,1-dl- a -naphthyl -2-phenylethylene ( H) acctadlng to 
the scheme: 


CjoH, -COH - CioH, — CmHt-C -C„Ht CnH,-C-Cd:Hr 

CH, ^Br 

CeH| C(K, C,H, 

(I) (n> cnD 


Apart from this, it was considered, of Intemst to investigate the mechaniim of direct bEomination. of dl-^ a- 
-naphthylbenzylcarbinol (.1) . It could be imagined that in. the absence of substituents in the aromatic rings the 
hydri^en of the methylene group would first be substituted with formation of hydtpbrpmlc acid capable of en- 
tering into reaction with the tertiary hydroicyl with formation of I,l-di-a-naphthyl-2>phei^l-l,S*dibromoethane 
( IV) . Detachment of hydrobromic acid, in this system should be expected, to lead to lyl«di'^a’«iphthyl-a-1»(»no- 
-2-phenylethylene (iOX) t 
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-|8r-CaH,' 

m 
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The experiments confirmed the possibility of this mechanism; on broraination of di-a-naphthylbenzyl- 
carbinol, l,l-di-a-naphthyl-2-phenyl-2-bromoethylene is actually formed. 

Dehydration of di- a-naphthylbenzyl carbinol in presence of potassium bisulfate went with perfectly sat- 
isfactory yields (84%) but the melting point of the resultant 1,1-di- a-naphthyl-2-phenylethylene proved ex- 
tremely unsharp; melting started at 72° and was not quite complete at 180°. This may be attributed to the pte - 
sence of traces of isomeric ketones in the di- a-naphthyl ketone, for example a, S -dinaphthyl or 6,6 -dinaphthyl 
ketones. This question was not further studied . 

For confirmation of the structure of dinaphthylphenylethylene (11), the latter was oxidized with potassium 
permanganate to form di- a-naphthyl ketone and benzoic acid. The structure of tlte bromoethylene derivative 
was also confirmed by oxidation with permanganate; in this case, apart from di- a -naphthyl ketone and benzoic 
acid, potassiufn bromide was detected; the bromine content of the bromo derivative corresponded to 1,1-di- a- 
-naphthyl -2 -phenyl -2 -bromoethylene . 

Pharrnacological investigations of l,l-di-a-naphthyl-2-phenyl-2-bromoethylene, carried out by T.A. 
Melnikova, showed that this compound possesses estrogenic activity. 

EXPERIMENTAL 

Synthesis of 1,1-di- a-naphthylbenzylcarbinol. A solution of 25.2 g of benzyl chloride in 75 ml of ether 
was added with stirring to 4.8 g of magnesium in 50 ml of ether in the presence of several iodine crystals. The 
reaction was carried out at the boiling point of ether followed by heating for one hour. Then, at 0° a solution 
of 14.1 g of di- a -naphthyl ketone in 400 ml of ether was added to the reaction mixture. The reaction went 
vigorously, the mixture turned brown and then light green and yellow and a voluminous crystalline precipitate 
came down. After addition of the ketone, the reaction mixture was heated for 2 hours on a water bath and was 
set aside overnight. The product was decomposed with a saturated aqueous solution of ammonium chloride with 
ice. After separation of the ethereal layer, the aqueous layer was extracted with ether, and the combined 
.ethereal extract was; dried over calcined sodium sulfate. After driving off the ether, the residue (38 g) was an 

almost colorless oily liquid with the odor of dibenzyl and crystallized upon cooling. After separation, washing 

with alcohol and recrystallization from alcohol, we obtained 4.1 g of colorless prismatic crystals, m.p. 160-162°; 
we also obtained 1.03 g more from the mother liquor , Yield 26.5% with respect to the di- a-naphthyl ketone. 

Found %: C 90.01, 89.55; H 6.10, 5.96; OH 4.47, 4.53; M 369, 377.9. CjjHazO. 

Calculated %: C 89.80; H 5.92; OH 4.47; M 374.5. 

On the basis of the experimental data the product melted at 160-162° and corresponded to di- a-naphthyl - 
benzyl carbinol.. 

It must be noted that during the reaction of benzyl magnesium chloride with di- a-naphthyl ketone, besides 
di- a-naphthylbenzylcarbinol, be.nzyl alcohol and dibenzyl are also formed, i.e. hydrolysis of the benzyl magne- 
sium chloride takes place together with coupling of benzyl radicals due, evidently, to reduction reactions. 

The latter factor affected the yield of tertiary carbinol ( did not exceed 26.5%), and only when the organomag- 
nesium synthesis was performed in a stream of nitrogen and when the reaction product ( carbinol) was kept in a 
stream of COj, did the yield of carbinol increase to 50%. 

After naphthylbenzylcarbinol , was removed from the mother liquor , ethyl alcohol was driven off under 
reduced pressure and 32 g of the oily liquid which remained was distilled twice. We obtained a fraction, b.p. 
205-206.5° ( 762 mm) . np 1.5390 . which corresponded to benzyl alcohol ( literature data [4] give: b.p. 205.5°, 
iijj 1.5395) and a fraction that boiled at 108-111° (3 mm) which rapidly crystallized (from alcohol); a test 
mixture with dibenzyl gave no depression. 

In connection with the low yields of 1.1-di-a-naphthylbenzylcatbinol we carried out its synthesis in the 
same manner as before, but in a nitrogen atmosphere. In this case the yield of di- a-naphthylbenzylcarbinol 
reached 50%. The side products which we detected were dibenzyl and a resinous residue which was not further 
investigated ( benzyl alcohol was not detected) . 

Dehydration of di- a-naphthylbenzylcarbinol. 2 g of the compound, dissolved in 25 ml of benzene, was 
heated for 1 hour on a water bath with 3 g of fused potassium bisulfate. After filtration, driving off the benzene 
and recrystallization from alcohol, we obtained 1.16 g ( 84%) of slightly yellowish crystalline substance which 
began to melt at 73° and converted to a rather cloudy liquid at 180°. 
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Found %: C 94.09. 94.29; H 5.49 , 5.59; M 351.4. 360.2. CzjHzo. 

Calculated '-/.: 0 94.38; H 5.61; M 356. 

0.5 g of the substance' was dissolved in 5 ml of ether and was oxidized by being shaken for 6 hours wUh 
400 ml of 2% potassium permanganate solution and 2 g of sodium bicarbonate. The manganese dioxide which 
separated out was washed with hot water and extracted with hot alcohol. After a large portion of the alcohol 
had been driven off. crystals separated out which after recrystallization from a mixture of alcohol and ether ( 1:1) . 
melted at 98-100° and gave no depression in a test mixture with known di-a-naphthyl ketone. After the man- 
ganese dioxide was removed, the aqueous filtrate was concentrated and acidified with dilute sulfuric acid; at 
this point a crystalline substance separated out which melted at 119.5-122° (from hot water) and gave no de- 
pression in a test mixture with known benzoic acid. On the basis of the formation of di-a-naphthyl ketone and 
benzoic acid upon oxidation, the structure of the compound was found to be that of 1, 1 -di-a-naphthyl -2 -phenyl - 
ethylene. 

Bromination of 1,1-di -a -naphthyl -2-phenylethylene. 1.5 g of l.l-di-a-naphthyl-2-phenylethylene was 
mixed with 0.5 g of dioxane dibromide, dissolved in 15 ml of ether and washed with a 5% solution of sodium bi- 
carbonate and water. After the ether was driven off under reduced pressure, the residue was a yellow transparent, 
resinous substance which after 2-fold recrystallization from hot alcohol using activated carbon, melted at 142- 
144°. We obtained 1.8 g (98%) of light yellow crystals which melted at 149-151' after recrystallization from an 
alcohol-acetone mixture ( 1:1). 

Found %: Br 18.08, 18.31 ( according to Stepanov's method) ; M 400.6 , 412.2. CjjHigBr. 

Calculated %: Br 18.39; M 435. 

The analytical data correspond to 1,1-di- a-naphthyl-2-phenyl-2-btomoethylene. 

Bromination of di- a-naphthylbenzylcarbinol. 0.5 g of dioxane dibromide was added to 1 g of di- a-naph- 
thylbenzylcarbinol in 10 ml of ether and. after 30 minutes of heating on a water bath, the hydrogen bromide was 
driven off. The ethereal solution was washed with soda solution, water and dried over calcined sodium sulfate. 
After the ether was driven off. the yellow, resinous residue was tecrystallized from alc'ohol, activated carbon 
being used. After recrystallization from an alcohol -acetone ( 1:1) mixture, the crystalline product melted at 
149.5-151° and gave no depression in a test mixture with previously prepared l.l-di-a-naphthyl-2-phenyl-2- 
-bromoethylene. 

Found%: Br 18.10, 18.27 ( according to Stepanov's method) ; CjsHisPr. 

Calculated%: Br 18.39. 


SUMMARY 

1. The synthesis of di- a -naphthylbenzylcarbinol from benzyl magnesium chloride and di-a- naphthyl 
ketone was studied; benzyl alcohol and dibenzyl were formed in addition to the carbinol. Performance of the 
reaction in a nitrogen stream raised the yield of carbinol and suppressed formation of benzyl alcohol. 

2. Di- a-naphthylbenzylcarbinol. was dehydrated and I,l-di-a-naphthyl-2-phenylethylene was obtained. 

3. It was established that bromine acts upon 1,1-di- a-naphthyl -2-phenyl -ethylene with replacement of the 
hydrogen of the ethylene group and formation of l.l-di-a-naphthyl -2-phenyl- 2-btomoethylene. 

4. It was shown that 1,1-di- a -naphthyl -2-phenyl -2-btomoethylene can also be obtained by direct brominar 
tion of di-a-naphthylbenzylcatbinol; the mechanism of the bromination reaction vras evaluated. 
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INrESTiaATION DF THE ACTION OF BROMINE UPON 


l-PHENYL-l-a-(OR 6-) -NA PHTH YL - 2 - MET HYLET HYLENES 

A.M. Khaletsky and A.Ya. Kaplan: 


Although numerous papers have been published on the halogenation of substituted ethylenes, it is impossible 
In a series of cases to predict the mechanism of the reaction. Thus, for example, in the bromiimion of l-mediyl- 
.l-cyclohexyl-2-phenylethylene. two bromine atoms add on at the double bon4Il]i but on brominaaon of 1.1- 
-bis-4,4-dimethylaminophenyl-2-phenylethylene, bromine does not add on, bromine substituuon taking place a 
the hydrogens of the aromatic nuclei containing the substituents [2]. In the latter case an important part is un- 
doubtedly played by electronegative groups capable of displacement of electrons and stabilization of hydrogen at 
the ethylenic bond. This interpretation is supported by the fact that triphenylbromoethylene is readily forme w e 
bromine acts upon diphenylbenzyl carbinol [3]. 

The biological action ( upon mice ) of bromoethylenes varies considerably with the position of the halogen: 
whereas triphenylbromoethylene manifests estrogenic activity in doses of 20y . p-bromophenyldiphenylethylene is 
completely inactive even in doses of over 5000 y. The cause of the wide variation in biological acUvityH un- 
known, but it must be associated with the chemical structure and the position of the halogen, stace die 
activity of triphenylbromoethylene drops 50 times when only one hydrogen of the aromatic nucleus is subsntuted by 
bromine [4]. 

The biological activity of bromoethylenes containing naphthyl radicals has not previously been studied With 
this objective, we synthesized several of their derivatives, including 1-phenyl-l-a-naphthyl- and l-phenyl-l-S- 
-naphthyl-2-methyl-2-btomoethylenes. The bromoethylenes were synthesized from l-phenyl-l- a -( or 3 -)naphthyi- 
-2-methylethylenes: the latter were obtained by dehydration of the corresponding catbmols l-piienyl-I-a-(or b-) 
-naphthylpropanols-1. Concerning the initial isomeric carbinols, these were likewise prepared by us for the first 
time by the action of ethyl magnesium bromide on phenyl- a -(orS-) naphthyl ketones. The properties of the car- 
binols are characteristic: viscous liquids which crystallize with difficulty. Thus, for example, l-phenyl-l- n-naph- 
thylpropanol-l crystallized only after 2 years. whUe its 0 -isomer has remained liquid to this day . 

Dehydration of l-phenyl-l -a-naphthylpropanol-1 in presence of potassium blsulfate gave 1-phenyl-l-a- 
-naphthyl-2-mediylethylenB, m.p. 69-71% For confirmation of the structure it was oxidized with lead tetraacetate 
in a medium of glacial acetic acid: among the volatile products was detected acetaldehyde in the form of its 2.4- 
-dinitrophenylhydrazone with m.p. 147% After the acetaldehyde had been distilled off, 

was detected in the residue, likewise in the form of its 2,4-dinitrophenymydtazone with m.p. 118-121 j it did not 
give a depression of melting point with an authentic specimen. The phenyl -a -naphthyl ketone resulting from the 
oxidation of phenyl- a -naphdiyl ketone later crystaUized. From the study of the products of oxidation we can con- 
clude that dehydration of phenyl-a-naphthylpropanol-l gives phenyl-a -naphthyl -2-methylethylene (I) . 

Bromination of (I) with the help of dloxane dibtomide gave a substance with m.p. 92-94* whose bromine 
content and molecular weight corresponded to 1-phenyl -2-a-naphthyl-2-me*yl-^bromoethyl^e 
firmation of the structure and. in particular, of die position of the bromine, the product was oxidized with potassium 
permangaiMite; acetaldehyde was identified in the form of its 2,4-dinltrophenylhydrazone; phenyl -a -naphthyl 
ketone and potassium bromide were also foundr 

CsHb CgHs. 

'>CHOH-CHj-CHs-^ ^C = CH-CH3-»- yC=CBr CH3.. 

a-CioHr a-CioH, 


z-CioHr 


(I) 


( 11 ) 


r 


The isomeric 1 -phenyl -1-B -n.iphtUylpropanol-1 was synthesized, as mentioned above, from phonyl-S- 
-naphthyl ketone and ethyl ma^^nesium bromide. Deliydration of the carbinol in presence of potassium bisulfate 
gave a hydrocarbon with m.p. 106.5-107° which on oxidation yielded acetaldehyde (as the 2.4-dlnittophenyl- 
hydrazone) and phenyl -6 -naphthyl ketone with m.p. 81-82°. On the basis of the data obtained, the hydrocarbon 
corresponds to the structure of l-phenyl-1-6 -naphthyl-2-methylethylene (la). Bromination of the latter with 
dibromopytidine in a medium of glacial acetic acid gave a substance whose bromine content and molecular 
weight corresponded to the formula CijHieBtj; oxidation with potassium permanganate gave phenyl -6 -naphthyl 
ketone, potassium bromide and acetaldehyde (as the 2,4-dinitrophenylhydrazone) . The data indicate that the 
dibromide has the structure of 1,2-dibronio-l-phenyl-l-S -naphthylpropane ( III) : 

CsHs CeHs 

>C=CH-CH3-> ^CBr-CHBr-CHs. 

S-CioHf 

(la) (III) 

Bromination of l-phenyl-l-6-naphthylpropanol-l with dioxane dibromide in a medium of glacial acetic 
acid likewise gave a dibromide Ci9Hi6Br2 identical with that previously obtained from l-phenyl-1-6 -naphthyl- 
-2-methylethylene; the following mechanism is therefore proposed: 

Br HBr 

^C-CHz-CHg ^ ^C-CHBr-CHg ^ ^CBr -CHBr - CH3. 

0-C1OH7 6-C10H7 e-CioHy 

Pharmacological tests on mice of 1-phenyl-l- a-naphthyl-2-bromo-2-methylethylene and 1,2-dibromo-l- 
-phenyl-1-6 -naphthylpropane showed that whereas the monobromo compound possesses estrogenic activity, the 
dibromo derivative of l-phenyl-1-6 -naphthylpropane has a very low activity. This observation once again em- 
phasizes the importance of the bromine at the double bond for the synthesis of estrogens. 

We take mis opportunity of thanking T.A. Melnikova for carrying out the biological experiments. 

EXPERIMENTAL 

1. Preparation of 1-phenyl-l- g-naphthylpropanol-l. At 0° a solution of 25 g of phenyl- a -naphthyl ketone 
in 75 ml of ether was added to the ethyl magnesium bromide that was prepared from 7.2 g of magnesium and 
32.4 g of. ethyl bromide in 150 ml of ether. After the ketone was added, the reaction mixture vras heated 'with ■ 
stirring fori hour to the boiling point of ether. In order to decompose the organomagnesium complex, the latter 
was gradually added to an aqueous solution of ammonium chloride with ice, and gases evolved which were not 
investigated further (evidently, butane); After the ethereal layer was separated, the aqueous layer was extracted 
three times with ether and the combined ethereal extracts were washed with water. The ether was driven off. 

We obtained 29.1 g of a light yellow, transparent, strongly light-refractive, viscous liquid which distilled at 
162-186° (1 ram) and which upon reaction with concentrated sulfuric acid turned a violet color which disappeared 
upon dilution with water. The residue was a dark brown resin which congealed upon cooling. Upon a repeated 
distillation, the liquid fraction boiled at 162-186° ( 1 mm), dlJ 1.1255, 1.6139. 

Found C 86.61, 86.88; H-6. 83 , 6.87; OH ( according to Chugaev-Tserivitinov) 5.86. 6.02; M 273.5. 
CisHigO. Calculated %: C 87.02; H 6.87; OH 6.48. M 262.37, 


After separation of the 1-phenyl-l- q-naphthylpropanol-1, the residue was a dark brown transparent solid 
mass, easily tubbed to powder and readily soluble in ether, benzene, acetone and hot alcohol. Upon cooling 
the alcoholic solution, bright orange flakes separated out whichjupon being washed with alcohol and dried in a 
vacuum-desiccator, melted at 67-88°. Attempts to purify the substane'eby multiple -tecrystallizations from al- 
cohol using activated carbon did not change the melting point; with concentrated sulfuric acid the compound 
turned cherry-red. 

Found: M 353.3, 376.2, CgsHgj. Calculated: M 488. 


It is possible that the product was the partially impute dimer of 1-phenyl-l- a-naphthyl-2-m2thylethylene, 
molecular weight 488. 
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2. l-Phenyl-l-a-naphthyl-2-methylethylene (I). 20 g of phenyl- a -naphthylethylcarbinol was heated 
with 20 g of fused potassium bisulfate and 100 ml of benzene for 2.5 hours at the boiling point of the latter. 
After separation from potassium bisulfate and elimination of benzene, the filtrate was distilled at 141-151° 

( 2 mm) ; we obtained 12.8 g of substance and about 7 g of residue. After a second distillation, the fraction 
( 141-151°, 2 mm) boiled at 144-151* ( 2 mm) ; it was an almost colorless oily liquid which gave a blood -red 
coloration with sulfuric acid. When mixed with an equal volume of alcohol or petroleum ether, fine white 
crystals separated out which after 2 tecrystallizations from 80'5ij alcohol In the presence of activated carbon, 
melted at 72-73* and were lustrous tetragonal prisms. Yield 6.88 g (37%) . 

Found %; 0 93.82,93.71; H 6.90, 6.82; M 257.09, 238.22. 

C19H16. Calculated %: C 93.47; H 6.56; M 244.32. 


After separation of l-phenyl-l-a-naphthyl-2-methylethylene, the residue was a solid, transparent, dark- 
brown mass which was readily tubbed Into powder, It was soluble in acetone, benzene, chloroform, petroleum 
and ethyl ethers and also in hot alcohol. Upon cooling the alcoholic solution, an orange, flaky precipitate sepa- 
rated out which melted at $7-88*. When It was mixed with an equal amount of the residue obtained after sepa- 
ration of l-phenyl-l-a-naphthylpropanol-l, it gave no melting point depression ( 67-88°) ; with concentrated 
sulfuric acid it gave a cherry-red coloration. Evidently, these residues were Identical and were dimers of 1- 
-phenyl - 1 - a-naphthyl -2 -methylethylene . 

Oxidation of 1-phenyl-l- a-naphthyl-2-methyleJfayIene. A mixture of 4.2 g of the substance, 10 ml of 
glacial acetic acid and 5 g of lead tetraacetate was heated to 60° until complete solution and then a 30% potash 
solution was added to this solution. The gas which evolved was passed into a solution of 2,4-dinittophenylhydra- 
zine to bind the acetaldehyde. After neutralization, the contents of the flask were extracted with benzene, the 
benzene extract was washed with water and dried over calcined sodium sulfate. After the benzene was driven 
off, 2 drops of concentrated sulfuric acid was added to the residue ; so that in case of formation of phenyl - 
-a-naphthylpropylene glycol, the latter would be dehydrated to the oxide of phenyl- a -naphthylmethylethylene 
which isomerizes tometfaylphenyl-a-naphthylacetlc aldehyde by the reaction: 


C«H. 

>C=CH-CHj 


CH 9“' 

\ _ _ ; KHgO^ 


QHs CH3, C 

V-^CHtCHs.-t- CeHs - C - c '' 


However, after addition of sulfuric acid, there was an od'oc Of acetic acid and after neutralization of the 
solution with soda, with fettle chloride It turned, red, indicating the ptesenca of acetate -Ion. Thus, the oxidation 
product of phenyl- a -naphthyl-2-methylethylene was not glycol, but evidently the dlacetate of 1-phenyl-l- a- 
-naphthyl "2 -methylethylene glycol. 4.2 g of the latter was boiled with 25 ml <rf 1 N alcoholic KOH solution 
for 30 minutes and after cooling, the unreacted alkali was titrated, with 0.1 N HCl solution in the presence of. 
phendphtbaleln; 0.7 ml of HCI vras consumed vdilch corresponded to the theoretically calculated amount for 
the dlacetate of l-phenyl-l-a-naphfhyl-2-methylethylene glycol. 

After filtration, the hydrolysis product was boiled with activated carbon. After the alcohol was driven, off 
in vacuum, however, the filtrate did not crystallize and, therefore, 2.5 g of Its residue mixed with 20 ml of gla- 
cial acetic acid was oxidized with 5 gpf lead tetraacetate in the same manner as previously; the carbon dioxide 
which evolved displaced ihe acetaldehyde which was passed Into a solution of 2,4-dlnltrophenylhydtazlne. The 
yellow precipitate that feumed was recrystalllzed front alcohol and melted at 147*. not giving a depression In 
mixture with known 2,4-dInlttophenylhydrszonB of acetaldehyde. 

After the acetic acid, was neutralized with potash, the contents of the flask were extracted, with ether. Af- 
ter washing with water, drying over calcined sodium sulfate and driving off the ether, the residue was a thick, 
oily Ilcpild which after being boiled with alcohol, dld aot yield phei^- o-naitohyl ketone, b«t :upoii addition of 
an: alcoholic solution of 2,4-dInltro;^nylhydrazlne, It yielded a yellowish -red. ctystalllne precipitate which af- 
ter tectystallization from alcohol, melted at 118-321*. A test mixture with the known, 2,4 -dltttlropheiiylhydtazone 
of phenyl- a-n^phthyl ketone ( m.p. 121,-122°) gave no depression. It must be noted, that in parallel experfraents, 
after two weeks, the alcliiholic solution yielded crystals which after tec^ystaUlzailonfrom alcohol, melted at 
73-75* and gave no depression. in a test mixture wlth.knpwnj^enyl- u-naphthyl ketone, t.e. the. direct formation 
of the latter iipon oxidation of the hydrocarbon was shown. . . 
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3. l-Phenyl-l--g-naphthyl-2-methyl-2-bromoeihylene (II). 6 .3 g of dioxane dibromide was added with 
continuous stirring to 5.9 g of phenyl- a-naphthyl-2-methylethylene. The initial decolorization gradually halted 
and hydrogen bromide was evolved; The reaction mixture was heated for 15 minutes at 75-80°, treated with 5?o 
sodium bicarbonate solution and washed widi water until it gave a neutral reaction, extracted with ether and 
dried over calcined sodium sulfate. After removal of the ether, the compound was distilled at 240-252° ( 10 mm) ; 
it was a viscous, oily liquid which crystallized after 3 days. Upon contact with concentrated sulfuric acid it gave 
a blood-red coloration. After washing with petroleum ether and rectystallization from SO^ alcohol, we obtained 
5.8 g of substance which crystallized in the form of lustrous needielike crystals, m.p. 92-94°. 

Found %: Br( according to Stepanov) 24.20; M 303.2, 323.22. 

Cj^HisBr. Calculated Bt 24.72; M 323.22. 

Oxidati on of l_-j>henyl-l-a-naphthyl-2-methyl-2-bromoethylene. A mixture of 4.85 g of the compound, 

10 ml of ethyl ether, 316 ml of l^opotassium permanganate solution and 2 g of soda was shaken for 6 hours and 
the reaction mixture was then set aside overnight. The colorless solution was separated from the manganese di- 
oxide and after washing with hot water and drying, the manganese dioxide was extracted with hot alcohol. Upon 
cooling the alcoholic solution, a white precipitate separated out which melted at 73-74.5° after recrystallization 
from alcohol and gave no melting point depression in a test mixture with phenyl- a -naphthyl ketone. After sep- 
aration from the manganese dioxide, the aqueous filtrate was concentrated to low bulk, neutralized with niiric 
acid ( in the presence of phenolphthalein) and after being boiled, was filtered into a 100 ml volumetric flask. 

After dilution to the mark in aliquot parts of the given solution, the potassium bromide was determined ( accord- 
ing to Volhard), and the potassium acetate was titrated with 0.05 N hydrochloric acid solution in the presence 
of methyl orange. 

Found g: CH3COOK 0.1450; KBr 0.5865. 

Calculated g: CK3COOK 0.1471; KBr 0.5871. 

4^P reparation of 1-phenyl-l-B-naphthylpropanol-l. At -12°. a solution of 15 g of phenyl -6 -naphthyl 
ketone in 75 ml of ether was added in the course of 3 hours to the ethylmagnesium bromide prepared from 4.8 g 
of manganese filings and 21.6 g of ethyl bromide in 75 ml of ether and the reaction mixture was then heated for 
2 hours on a water bath and set aside overnight. Upon decomposition with a saturated aqueous solution of am- 
monium chloride with ice. gaseous products evolved. After separation of the ethereal layer and treatment as 
described for the synthesis of l-phenyl-l-a-naphthylpropanol-l. we obtained about 40 g of thick yellow oily 
liquid which decomposed at 213° (2 mm). Only after 2 years of standing did the liquid crystallize and upon re- 
crystallization from alcohol, it melted at 115-116°. The product was soluble in benzene, acetone, petroleum 
ether, difficultly soluble in alcohol in the cold and more readily soluble with heating. 

Found < 70 ; C 86,64, 86.91; H 6,84, 6.87; OH ( according to Chugaev-Tserivltinov) 6.41,6.30 
M 275.1, 271.0. 

CisHijO) Calculated %: C 87.02 H 6.8; OH 6.48; iM 262.37, 

5. l-Phenyl-l-B -naphthyl ■2-methylethylene (la). 13 g of l-phenyl-1-0 -naphthylpropanol-1 was heated 
for 1 hour with 6,5 g of fused potassium bisulfate; at 110-120° water separated out. When heating was completed, 
the substance was dissolved in petroleum ether, the solution was filtered off and after a portion of the solvent 
had been driven off, crystallization took place. After two recrystallizations from an alcohol -acetone mixture 
(3:1),. we isolated 4.8 g of substance, m.p. 106.5-107°, 

Found “T): C 93.57, 93.40; H, 6.81, 6.56; M 260.00, 258.66, 

CjsHie. Calculated % C 93.47; H 6.56; M 244.32. 

OMdati on of l-phenyl-l-a-naphthyl-2-methylethylene. A mixture of 2 g of the compound dissolved in 
10 ml of glacial acetic acid and 3 g of lead tetraacetate was heated to 60° and further treatment of this mixture 
was conducted as described for oxidation of l-phenyl-l-a-naphthyl-2-methylethylene. Final treatment was 
also the same as in the previous case, i.e. 1.5 g of l-phenyl-l-6-naphthyl-2-methylethylene glycol (supposed) 
in 10 ml of glacial acetic acid was oxidized with an additional 2 g of lead tetraacetate and the acetaldehyde 
which came off was passed into ah alcoholic solution of 2,4-dlnittophenylhydrazine. After recrystallization from 
alcohol, the yellow precipitate that formed melted at 147-147.5° and gave no.deptession in a test mixture with 
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the 2.4-dinitrophenylhydrazone of acetaldehyde. After the acetaldehyde was driven off and after neutralization 
of the acetic acid with potash, the residue was extracted with ether and after being washed with water, it was 
dried over calcined sodium sulfate and upon distilling off the ether, it solidified. After recrystallization from 
alcohol, it melted at 81-82°, and gave no depression in a test mixture with known phenyl -0 -naphthyl ketone. 

Bromination of l-phenyl-1-0 -naphthyl-2-methylethylene. 1.5 g of the compound was dissolved in 10 ml 
of glacial acetic acid, mixed with a solution of 1.35 g of pyridine dibromide in 5 ml of glacial acetic acid and 
then heated over a water bath with continuous stirring. After the mixture was decolorized and poured into water, 
a yellowish flaky precipitate separated out which after being washed with a solution of soda and water, was dis- 
solved in ether and dried over calcined sodium sulfate. After filtration and evaporation of the ether, we obtained 
a yellowish, resinous substance which did not crystallize from organic solvents. 

Found 'i/o: Br ( according to Rosenmund-Kunganer) 39.06, 38.44; M 402.01, 396.21. 

CigHieBtj. Calculated ‘7o: Bt 39.10; M 404.15. 

Bromination of 1-phenyl-B -naphthylpropanol-1. A solution of 2 g of l-phenyl-l-6-naphthylptopanol-l 
in 12 ml of glacial acetic acid was gradually mixed with 2 g of dioxane dibromide. After decolorization ceased, 
a yellowish crystalline precipitate formed which, after filtration and washing with glacial acetic acid, was con- 
verted to a thick viscous mass which was unaltered upon boiling with alcohol. 

Found <7o: Bt 38.54. 

CigHieBtj. Calculated ‘^0: Br 39.10. 

SUMMARY 

1. The isomeric 1-phenyl-l- a-( and 6-)naphthylptopanols-l were synthesized by the Gtignard reaction. 

2. Dehydration of l-phenyl-o-(and B-)naphthylptopanols-l gave the corresponding isomeric unsaturated 
hydrocarbons, whose structure was confirmed by oxidation. 

3. Bromination of the isomeric 1 -phenyl -1- a -( and 0 -) naphthyl -2 -methylethylenes was investigated; it 
was found that when an a -naphthyl radical is present in the hydrocarbon, the bromine replaces the hydrogen at 
the double bond; in presence of a 0 -naphthyl radical, bromine adds on. at the double bond. 

4. Direct bromination of l-phenyl-l-0-naphthylptopanol-l was investigated; a substanceCsHisBrj was 
obtained which was evidently 2,3-dibtomo-3-phenyl-3-0-naphthylpropane. 
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SYNTHESIS OF STEROID COMPOUNDS AND RELATED SUBSTANCES 
XXXIV. 9-METHYL-1,6-DIKET0-A®-0CTAHYDR0NAPHTHALENE 

I. N. Nazarov, Si I. Zavyalov. M. S. Burmistrova, I. A. Gurvlch and 
L. I. Shmonina 


Ketones containing a hydrogenated naphthalene skeleton ate important intermediates in the synthesis of 
steroids and related compounds. Of special interest among these ketones is 9-methyl-l,6-diketo-A 'octahydro- 


naphthalene ( IV) , prepared son 

le years ago in our laboratory by the following scheme [1]: 

O 

O O 

O 

A. 

JJ 

(11) CO (11 1) 

/^A 

(0 

(IV) 

^CHs 



By a detaiied study of these reactions we succeeded in considerably improving the individual steps of this 
synthesis and in raising the yield of diketone ( IV) to BO^o. ' based -on the original dihydroresotcinpl [1]. 

Mdthylation of dihydtoresotcinol was performed in various solvents using different metallic derivatives of 
dihydroresctcinol while varying the temperature and duration of reaction as well as the ratio of reactants. The 
best results were obtained fey methylation of dihydrotesorcinol in aqueous acetone solutions in presence of potas- 
sium carbonate or sodium carbonate. An examination of the reaction products revealed that, like dimedon, di- 
hydroresorcinoi is ndn -selectively miethylated, and diraethyldihydtotesorcinol is formed together with methyl- 
dihydrotesorcinpl, while ^rt of the original dihydroresorcinol remains unchanged. By using 0.76 equivailent of 
potassium carbonate and repeatedly methylating the unreacted dihydtoresotcinol, the yield of pure methyldi- 
hydtoresorcinol was brought to about 

Condensation of methyldibydroresorcinol with methyl vinyl ketone proceeded nearly quantitatively in 
boiling methanol in presence of. 0.05 equiv. potassium hydroxide. Because of its instability, the prepared trike- 
tone (III) was used in the next step without distillation. 

Methyl Vinyl ketone was prepared in OO^o yield by hydration of vihylacetylene in aqueous methanol In 

presence of mercuric sulfate and subsequent cleavage of methanol from methpxybutanone according to the 
scheme: 

CH=C-CH=GI^-^^^^»^ CH,COCH,CH,OCH3 CH,C0CH=CH. 

.* For the purpose of cyclizadon of triketone (.ni) to 9-methyl-l,6-diketo-A®-octahydtonaphthalene(lV), 

various catalysts were used: piperidine salts of butyric, caproic and phosphoric acids, diethylamine phosphate, 
and ammonium acetate. Thetbest results were obtained on heating triketone (m) with the piperidine salt of 
phosphoric acid in vacuum at 92-98* for 3 bouts; in this manner a 62<ii> yield of diketone (IV) was attained, 

•s .based on the methyldihydroresotcinol. Diketone (IV) was hydtogenMed in solutions of ether, methanol, and 

) ' ■ ■ ' . ' ' ■ ■ ■' ' ' ' 
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alcohol over platiiium and palladium catalysts, and also in an acid medium. In all cases the main product of 
reaction was cis-9-metliyl-l,6-dil(etodecalin ( V) : 


(CH.C0).0 


o 



Heating of diketone ( IV) with a mixture of acetic anhydride and acetyl chloride or with ethyl orthoformate 
in presence of concentrated sulfuric acid led to the unstable enolic ethers ( VI) and ( VII) , which could not be iso- 
lated, in analytically pure form. In this connection it should be noted that 6-keto-A®-octahydtonaphthalene (VIII) 
also forms an unstable enolic ether ( IX) , readily oxidizing in the air [2]: 


.u 



EXPERIMENTAL 

Methylation of dihydroresotclnol ( I) . A mixture of 56 g of dlhydroresotcinol (I) (m.p. 103-104°) , 34.5'g, 

( equivalent) of potash, 150 ml of water, 300 ml of acetone and 45 ml of methyl iodide was stirred at 60° for 4 
hours. After the acetone was driven off in vacuum, a white crystalline precipitate came down which was washed 
with water and dried. We obtained 26.6 g (42%) of methyldihydroresorcinol (II). m.p. 209-210°. 

The mother ..Uquors. which remained after methylation of 461 g of dihydroresorcinol were combined and 
extracted wiili ether and chloroform. After drying and driving off the solvents, we obtained 166.4 g of oil which 
upon freezing and crystallization yielded 62.5 g of initial dihydroresorcinol. When the- remaining oil was vacuum- 
distilled, we obtained 81 g of dimethyldihydroresorcinol, b.p. 100rl02° ( 11 mm) , m.p. 39-40°. A test mixture 
with previously [3] prepared dimethyldihydroresorcinol gave no depression. 

A mixture of 56 g of dihydroresorcinol, 145 ml of water, 300 ml of acetone, 25.8 g ( 0.75 equiv.) of potash 
and 34 ml of methyl iodide was heated for 5 hours at 60°. After the acetone was driven off in vacuum, we iso- 
lated 22.4 g of methyldihydroresorcinol. 150 ml of acetone, 11.2 g of potash and 15 ml of methyl iodide were 
added to the mother s. liquor. After heating for 3 hours and driving off the acetone in vacuum, we obtained an 
additional 10.2 g of methyldihydroresotcinol. 120 ml of acetone, 4.6 g of potash and 6.5 g of methyl iodide were 
added to the remaining mother o liquor. After heating for 4. hours and driving off the acetone in vacuum, we ob- 
tained'3.2 g mote of methyldihydtotesorcinol. The total yield of pure methyldihydtotesotcinol. m.p. 209-210° 
was 31 g (50%). ' 

Preparation of methyl vinyl ketone. In the course of 4 hours with stirring, 470 g of vinylacetylene was 
passed into a mixture ( heated to the boil) of 20 g of mercury sulfate, 50 ml of water and 700 ml of methanol 
at such a rate that the temperature of the solution stayed in the range 60-65°, and simultaneously, 150 ml of water 
was added drop-wise to die solution. The mixture was stirred for 2 hours at room temperature and on the following 
day it was rieutralized with soda ( 20 g) using litmus as the indicator, filtered, and distilled once under a slight 
vacuum ( 100-200 mm) , and then a second time at atmospheric pressure. We obtained 865 g ( 93.8%) of methpxy- 
butanone, b.p. 136-137°; r^ 1.4036. 

A mixture of 145 g of methoxybutanone and 0.8 g of p-toluenesulfonic acid was heated in a distilling flask 
fitted with a Vigreux column at 112-116° for 2 hours. 160 ml of distillate was collected which contained 97 g of 

methylvinyl ketone (semicarbazone, m.p. 141-141.5°), 

Condensation of methyl vinyl ketone with methyldthydroresorcinol. 160 ml of the above -described distillate 
containing. 97 g of methyl vinjrl ketone was added to a mixture of 103 g of methyldihydtotesorcinol and a solution 
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of 2 g of caustic potash id 60 ml of methanol. The mixture was boiled for 6 hours with stirring and then set aside 
overnight at room temperature. The following day the methanol was driven off under a sli^t vacuum ( tempera- 
ture of bath 45° ) . 60 ml of water was added to the residue and the product was extracted with ether. We obtained 
133 g of crude triketone (III) (np 1.4898) which was used without further purification for the preparation of 
9-methyl -l,6-diketo.-A®-octahydronaphthalene ( IV) . 

Preparation of 9-methyI-l,6-diketo-A^-octahydtonaphthalene ( IV ) . A mixture of 133 g of the above - 
described crude triketbne (ffl) (ng 1.4898) and 10 g of piperidine salt of phosphoric acid ( 1 g of phosphoric 
acid,speciflc gravity l.S.to 2.5 g of piperidine) was heated in vacuum (26 mm) at 92-98* for 3 hours. Upon 
cooling, the resulting mixture (np 1.5290) was shaken with 175 ml of water and 100 ml of benzene. After 
washing with bicarbonate solution, from the benzene solution we obtained 110 g of oil, np 1.5290, which, after 
standing, yielded 40 g of 9-methyl-l,6-diketo-A®-octalin( IV), m.p. 45-46°. When the mother liquor ( 68 g. 

1.5160) was treated a second time with piperidine salt of phosphoric acid (5 g) as described above and then 
distilled in vacuum ( 2 mm) , we obtained 52.3 g mote dlketooctalin ( IV) , m.p. 45-46°. The total yield of 
diketooctalln 92.3 g ( 62.5% ) . 

After two lectystalllzationsfrom ethyl acetate, the mono-2,4-dInltrophenylhydtazone had m,p. 185.5-186°, 
^max. “ methanol) . 

Found %: N 16.13, 16.21. Ci7Hii05N4. Calculated %: N 15.63. 

The bis-2,4-dinittophenylhydtazone, prepared from 150 mg of octalin(IV) and 350 mg of 2,4-dinitro- 
phenylhydrazine after being boiled with a mixture of alcohol and ethyl acetate, had m.p. 238-239°, ^max. 

387 mp { in methanol) . 

Found %: N 20.69, 20.84. CjjHjjOaNs. Calculated %: N 20.81. 

The literature data give m.p. 247-248° [4]. 

Hydrogenation of 9-methyI-l,6-diketo-A^-octahydtonaphthalene (IV). 1) 0.15 g of dlketooctalin. was 

hydrogenated in 5 ml of methanol in the presence of palladium supported on calcium carbonate. In the course 
of 10 minutes, 23 ml of hydrogen ( 16°, 746 mm) was absorbed and hydrogenation ceased. After the solvent was 
driven off and the residue was recrystallized from a mixture of ether and petroleum ether, we Isolated 0.1 g of 
cis-9-methyl-l,6-diketodecalIn(V), m.p. 61-63°, which gave no depression with the known compound, pre- 
pared by hydrolysis of 9-methyl-6-methoxy-l-keto-A®-octalin [5]. 

After boiling with a mixture of ethyl acetate and alcohol, the bis-2,4-dinitrophenylhydtazone had m.p. 
230.5-231.5°. 

Found %: N 20,56, 20.74. CgsI^P^tj. Calculated %; N 20.74. 

2) 0.15 g of dlketooctalin ( IV) was hydrogenated in the presence of palladium supported on charcoal in 
5 ml of methanol with the addition of one drop of concentrated hydrochloric acid. 20 ml of hydrogen was ab- 
sorbed after 45 minutes ( 18°, 740 mm) and hydrogenation ceased. After the solvent was driven off and the, pro- 
duct was recrystallized from n-hexane, we obtained 85 mg of diketodecalln ( V) . 

3) 0.15 g of dlketooctalin ( IV) was hydrogenated in the presence of palladium supported on calcium 
carbonate in 6 ml of absoluie ether. After 25 minutes, 18 ml of hydrogen ( 17°, 740 mm) had been absorbed 
and hydrogenation ceased. We obtained 100 g of diketodecalln (V) . 

4) 0.15 g of diketooctalln ( IV) was hydrogenated- in presence of a Pt catalyst in 5 ml of methanol. After 
45 minutes, 20 ml of hydrogen ( 18°, 740 mm) had been absorbed and hydrogenation ceased. We obtained 60 mg 
of diketodecalln (V). Similar results were obtained for hydrogenation in ethyl alcohol. 

5) 0.15 g of diketooctalln (IV) was hydrogenated In 5 ml of methanol in the presence of a Pt catalyst 
with the addition of 1 drop of concentrated hydrochloric acid. After 15 mimites, 22 ml of hydrogen ( 18°,740 
mm) was absorbed. We obtained 57 g of diketodecalIn,( V) . 

Preparation, of enolic acetate of 9-methyl-l,6-diketo-A^-octahYdronaphthalene (VI) . . A mixture 
of 2 g of 9-methyl-l,6-diketo-A®-octahydtonaphftalene (IV). 30 ml of acetic anhydride and 50 ml of acetyl 
chloride was heated in an ampoule at 115-125° for 5 hours. After the volatile fractions were driven off, the 
residue was vacuum-distilled. We obtained 1.6 g ofenolic acetate (VI), boiling range 115-118° (0.05 mm); 

1.5268. > 
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j Found “Ji: 0 70.05,69.55; H 7.25. 7.26. CisHigOs’ Calculated C 72.5; H 6.9. 

Upon standing in the open, the percentage of this hydrocarbon present was greatly reduced. 

Preparation of the enolic ether of 9-methvl-1.6-diketo-A^-octahydro naphthalene (VIl), _ 2 ml of ortho- 
formic ester and 2 drops of concentrated sulfuric acid in 2 ml of dioxans vrere added to 2 g of 9-m(Jthyl-1.6- 
-dil<eto-A®-octahyd^onaphthalenc ( IV) in 8 ml of anhydrous dioxano. The mixture was heated for 40 minutes 
at 100° and upon cooling, was treated with several drops of pyridine; after the solvent was driven off. the residue 
was vacuum-distilled. We obtained 0.6 g of enolic ether (VII), boiling range 136-140° (4 mm), np 1.5280. 

Found ‘/o: C 72.87, 72.49; H 8.44, 8.28. CijHiA- Calculated C 75.7; H 8.7. 

Upon shaking in the cold with a 1% hydrochloric acid solution, the enolic ether (VII) formed the initial 
diketone ( IV ) . 

SUMMARY 

1. A preparative method was developed for the synthesis of 9-methyl-1.6-diketO"A®“OCtahydronaphthalene 
in 3 steps, starting from dihydroresorcinol. The total yield was 30 70. 

2. It was shown that catalytic hydrogenation of 9-methyl-l,6-diketo-A*-octahydronaphthalene gives cis- 
-9 -methyl -1,6-diketodecalin. 

3. It was established that the low yield of methyldihydroresorcinol is due to the non -selectivity of the 
methylation of dihydroresorcinol. 
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a-(PYRIDYL-4) -GLUTARIC ACID AND THE PRODUCTS OF ITS 
TRANSFORMATIONS 

M. V. Rubtsov. E. E. Mikhlina and V. Ya. Futshtatova 


The diethyl ester of 0 -( pytldyl-4) -glutaric acid ( I) . described by us in the preceding communication [1], 
may serve as die starting point for synthesis of compounds of various structures. With amines, (I) reacts to form 
the corresponding diamides ( H) . which ate reduced by lithium aluminum hydride to derivatives of 3-< pyridyl- 


-4;‘>-diaminopentane (HI); 

CHi-COOCtHs 
/ RTSfHj 

R-CH^' ^ 

CHj-CONHR’ 

CHi-CONHfl’ 

UHj-COOCjHs 

(I) R=pyridyl-4 

(H) R-pyrldyl-4 

(la) R=piperidyl-4 

R' =NHj, H. CsHgCHi,- 

.CH*-CH2NHH° 

( C*Hs),NC*H4 , ( C*H5)*NC3H6: 
(Ha) R=piperldyl-4:, 

R’t H,AH5CH,,(C*H5)2NC,H4 

^ r-ch( 



CH*-CH*NHR' 

(HI) R=pytldyl-4: R'^C2H5)*NC2H4 
(Hla) R=piperidyl-4; R’=C 6 H 5 CH* 

Reduction of ( I) with lithium aluminum hydride leads to 3- ( pyridyl-4-) -l.S-dihydroxypentane ( IV) . which 
by treatment with thionyT chloride is transformed into 3-(pyridyl-4’)-l,.5-dichloropentane (V). Reaction of the 
latter with benzylamine leads to famation of N^benzyl-^- ( pyridyl-4’) -piperidine ( VI) : 



(VI) , ’ ’ 


(I)' is hydrogenated in presence of platinum black with formation of the diethyl ester of 6 -r ( pipetidyl-'4> - 
-glutaric acid (la ) which is transformed by the above -described scheme via the corresponding diamides (Ha) 
into derivatives of diarainopentane (Hla). An alternative to the above synthesis of diamides (Ha) is the reaction 
between the hydrochloride of 6 -( piperidyl-4) -glutaryl chloride with the appropriate amines. 

EXPERIMENTAL . 

a-(P.ytidyl-4)-glutaric Acid. g of the diethyl ester of 0 .-( pyridyl-4) -glutaric acid (I) was heated at 
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the boiling point for 8, hours with 23 ml of 1 N aqueous caustic potash solution. The cooled solution was treated 
with 22.8 ml of 1 N hydrochloric acid and evaporated down. From the dry residue which was a mixture of 
3-( pyridyl-4) -glutaric acid and potassium chloride, the acid was extracted with hot alcohol. After, the alcohol 
was driven off in vacuum, we obtained 2.35 g ( 99 7o) of acid which was a white crystalline powder, soluble in 
water, alcohol and insoluble in ether, benzene, chloroform. M.p. 183-185°. 

Founder N 6.32, 6.68 . CiqHiAN. Calculated -yo: N 6.68. 

Dihydtazide of 3- ( p yr idyl-4) -glutaric a.cid. A solution of 3 g of ester (I) and 3 ml of hydrazine hydrate 
in 10 ml of alcohol was heated for 4 hours at the boil. Upon cooling the solution, crystals came down; they 
were rubbed with ether and filtered off. Yield 2.45 g ( 91.5‘7o ) . The colorless crystals were readily soluble in 
water, alcohol, and insoluble in ether. M. p. 189-190°. 

Found N 29.66. CioHisQjNs. Calculated N 29.52. 

Diamlde of 3- ( pyridyl-4) -glutaric acid. A mixture of 7 g of the diethyl ester of 3 - (pyridyl-4) -glutaric 
acid (I), 70 ml of alcohol and 70 ml of 29‘7o ammonia solution was shaken for 25 hours. After this period had 
elapsed, the reaction mass was evaporated down in vacuum, the residue was rubbed with ether and the precipi- 
tate which came down was filtered off. We obtained 4.65 g ( 84.8'/o ) of the diamide in the form of colorless 
crystals, readily soluble in water, difficulty soluble in alcohol and insoluble in ether and benzene. M.p. 192-194° 
(from alcohol) . 

Found C 57.24; H 6.43. CjoHuOjNg. Calculated %: C 57.47; H 6.23. 

Dibenzylamide of 3- (pyridyl-4) -glutaric acid. 5 g of ester (I) and 10.2 g of benzylamine were heated 
at the boil for 20 hours. The crystalline dibenzylamide came down upon cooling the solution. For separation 
from the excess benzylamine the reaction mass was diluted with ether, the crystals were filtered off and washed 
with ether. Yield 6.2 g (92.3 ‘J'o). The compound was in the form of colorless crystals, soluble in alcohol, ace- 
tone, pyridine, and insoluble in water, benzene, ether. M.p. 152-153°. 

Found y!): C 74.31; H 6.30; N 10.61. C24H25O2N3. Calculated <70: C 74.42; H 6.46; N 10.85. 
Di-(diethylaminoethylamide) of S-( pytidyl-4) -glutaric acid. From 3 g of ( 1) and 8 g of diethylamino- 
ethylamine by the above-described method we obtained 4 g of substanc'e( 87% ) in the form of colorless crystals, 
soluble in water, chloroform, benzene, alcohol. M. p. 100-102°. 

Found C 65.32; H 9.40: N 17.45. CjaHgsO^Ng. Calculated %: C 65.18; H 9.63; N 17.28. 

Di-(diethylaminopropylamide) of 3 -(pytidyl-4) -glutaric acid. From 2 g of (1) and 1.96 g of di- 
ethylaminoptopylamine we prepared 1 g of the di -substituted amide, boiling range 220-250° (0.3 mm) . The 
compound was in the form of faintly yellowish hygroscopic crystals, readily soluble in water and in organic 
solvents. 

Found %: C 66.14; H 9.63. C24H430iN6. Calculated %: C 66.45; H 9.87. 

' l,5-Di-(diethylaminoethylamine) -3-( pyridyl-4’) -pentane. A solution of 3 g of the di-( diethylamino- 
ethylamide) of fl -(pyridyl-4) -glutaric acid in 80 ml of benzene was added in the course of 20 minutes to a 
suspension of 1.04 g of lithium aluminum hydride in 30 ml of anhydrous ether. The reaction mass was then 
heated at the boil for 20 hours, cooled and treated with 2 ml of water at 0°. Lithium and aluminum hydroxides 
were filtered off and carefully washed with benzene. After the benzene was driven off. the residue was vacuum- 
distilled. It boiled at 193-197° ( 0.4 mm) . Yield 1.5 g ( 58%) . The yellow oily liquid was readily soluble in 
water and in organic solveiits, 1.5047. 

Found %: N 18.20. C22H43N3. Calculated %: N 18.56. 

Picrate - bright yellow crystals, m.p. 103-105°, 

. Dl-(diethylamlnoethvl) ester of 8 - ( pyridyl -4) -glutaric acid. A small piece of metallic sodium was 
dissolved with mild heating (50-60°) in 15 ml of diethylaminoethanol. 3 g of the diethyl ester of 0 - (pyridyl - 
-4) -glutaric acid (I) in 5 ml of diethylaminoethanol was added to the prepared solution of alcoholate in di- 
ethylarainoethanol and the reaction mixture was heated at 148-150° for 3 hours while the ethyl alcohl was con- 
currently expelled. The solution was then, cooled, treated with 50% potash solution and extracted with ether. 

The ethereal extracts were dried over calcined potash, the ether was driven off. and the residue was vacuum- 
distilled. B.p. 195-197° (0.2 mm). Yield 2,95 g (64.3%). The diester was a colorless, viscous liquid, readily 
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soluble In organic solvents and in water. 

Found %: C 64.51; H 8.9; N 10.09. C 22 H 3 t 04 N 3 . Calculated %: C 64.86; H 9.10; N 10.04. 

3 -(Pvridyl- 4 ’)- 1 . 5 -dihvdroxypentane (IV). A solution of 6 g of ester (I) was added in the course of 
30 minutes to a suspension of 3.54 g of lithium aluminum hydride in. 60 ml of anhydrous benzene. The reaction 
mass was heated for 2 hours at the boil, cooled, and treated with 6.54 ml of water. The precipitated lithium 
and aluminum hydroxides were filtered off anirepeatedly washed with dry pyridine. After the pyridine was 
driven off in vacuum, the crystalline residue was carefully washed with ether. We obtained 3.5 g of substance 
( 86 %) in the form of white crystalline powder, moderately soluble in water, alcohol, acetone, readily soluble in 
pyridine, and difficultly soluble in ether and benzene. M.p. 64-66°. 

Found %: N 7.99, 7.72. CioHjsOjN. Calculated %: N 7.73. 

3- ( PvridYl-4’) -1,5-dichloropentane ( V ) . An alcoholic solution of hydrogen chloride was added to 
1.9 g of 3 -( pyridyl-4') -1,5-dihydtoxypentane until the appearance^ of an acid reaction on Congo. The alcohol 
was driven off In vacuum and the residue was dissolved in 12 ml of dry chloroform. 12 ml of thionyl chloride 
was added drop.-wise to the chloroform solution of the diol hydrochloride. The reaction mass was heated at the 
boil for 1 hour, the chloroform and thionyl chloride excess were driven off in vacuum, the residue was treated 
with 50% potash solution and the oily dichloride which formed was extracted with chloroform. The chloroform 
solution was dried with sodium sulfate, the' chloroform was driven off and the residue was vacuum-distilled. B.p. 
121-122° ( 0.35 mm) . Yield 0.85 g (42.7%) . The colorless mobile liquid was readily soluble in water. Upon 
standing at room temperature, and also upon heating, it formed the quaternary salt which was insoluble in ether. 

Found %: Cl 32.09. CioH 34 NCl 2 . Calculated % : Cl 32.57. 

N-Benzyl-4-( pytidyl-4’) -piperidine (VI) . 0.85 g of 3- ( pyridyl-4’) -1,5-dichloropentane and 10 ml 

of benzylamine were heated at the boU for 7 hours. The excess of benzylamine was driven off in vacuum and 
the residue was treated with 50% potash solution and extracted with ether; the ethereal solution tvas dried with 
potash, the ether was driven off. and the resulting substance was vacuum-distUled. B,p^l60-164° ( 0.3 mm) . 

The yeUow mobile oil was readily soluble in organic solvents and insoluble in water; t^ 1.5733. 

Found %: C 80.85; H 7.77; N 10.94. M244. CuHjjNg. Calculated %: C 81.00; H 7.95; N 11.20. 
M252. 

Picrate - bright yellow crystals, m.p. 215-216°. 

Diethyl ester of 3 -(plpetidyl- 4 ) -glutaric acid (la). 22.2 ml of 21% alcoholic hydrogen chloride solu- 

tion, 300 ml of anhydrous alcohol and 0.7 g of PtOj were added to 34 g of ester (1) . The reaction mixture was 
shaken with hydrogen for 30 hours. In this time, a quantity of hydrogen was absorbed, sufficient to convert the 
pyridine ring to piperidine. When the absorption of hydrogen ceased, the alcohol was driven off in vacuum, the 
remaining hydrochloride Was treated with 50% potash solution and the base was extracted with ether. The 
ethereal solution was dried with sodium sulfate, the ether was driven off, and the residue was vacuum-distilled. 
B.p. 131-132° ( 0.1 mm) . Yield 31.5 g ( 93% ) . The colorless mobile liquid was readily soluble in water and 
in organic solvents; np 1.4688. 

Found %: C 61.53; H 9.24; N 5.21. Calculated %: C 61.79; H9.22; N 5.20. 

B -(PipeTidyl-4) -glutaric acid. 2 g of the ester (la) and 14.7 ml of 1 N aqueous caustic soda solution 
was heated for 8 hours at the boiling point. The reaction mass was cooled to 80° and mixed with a solution of 
2.25 g of silver nitrate, heated to the same temperature. The silver salt which came down was separated, washed 
with water, and dried. We obtained 3 g of salt. A suspension of the silver salt in 30 ml of water was saturated 
with hydrogen sulfide at 50° and the reaction mass was then cooled, treated with carbon, the sUver sulfide and 
carbon were filtered off, and the aqueous solution of .8 -( pipetidyl-4) -glutaric acid was evaporated to dryness 
in, vacuum. We obtained 1 g ( 63.8%) erf acid in the form of coloiiess crystals, readily soluble in water, insolu- 
ble in alcdiol and ether. M. p. 213°. 

Found %: K6.58. CJBH 17 O 4 N. Calculated %: N 6.52. 

Hydrochloride - colorless crystals, readily soluble in water and in alcohol, insoluble in ether, acetone, 
benzene. M.p. 174 - 175 ,°. 

Found %; 014,72. ‘Ha, Calculated %: 014.22. 
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ni.n,lde.t.-<.l.=.Uvl-4)-flumlc.cU. Upon ..e..m=n. .1th .mmml. b, the 
ftom 2 g of diethyl ,1, plpe.Wyl -4) -gW.tlc .old ( U) , - obt.ln.d 0 8 g .f *« ‘’“““I* 

form of white crystalline powder, readily soluble in water, alcohol, and insolub e in e . .p. 

alcohol-ether mixture). 


Found')!.: C 56.03; H 8.85. CioHmOjNs. Calculated'?.: C 56.33; H 8.92. 


Dibenzylamide of.3-(pipetidyl-4) -glutaric acid. A) 2 g of the diethyl ester of 3-( P ^ 7 ) 

-glutatic acid and 10 g of benzylamine were heated at the boil for 40 hours. After t e enzy ami 
off in vacuum, yellowish crystals remained . These were filtered off, washed with ether and recrystallize 
alcohol. Yield 2g(69'vt) . The colorless crystals were readily soluble in alcohol, chloroform, an inso u 
ether, water, benzene. M.p. 163-167°. 

Found'?.: N 10.24. C24H31P2N3. Calculated*?.: N 10.64. 

B) 2 g of the hydrochloride of 0 - { piperidyl -4) -glutaric acid and 9 ml of thionyl chloride were heated 
for 2 hours at 50-55°. During this period of time the precipitate of the hydrochloride dissolved. Thionyl ch 0- 
ride was driven off in vacuum, the hydrochloride of the dichloride of0-( piperidyl -4) -glutaric acid was mixed 
■ with 50 ml of anhydrous ether and.upon cooling, was added to an ethereal solution of 5 g of benzylamine. e 
reaction mass was treated with 50 ‘?.potash solution and extracted with chloroform. After the chloroform had 
been expelled, the residue was rubbed with ether, the crystals were filtered off, washed with ether, and dried. 

M.p. 167°. Yield Ig (54?.). 

Pi - ( diethylamlnoethylamide) of 0 -( piperidyl -4) -glutaric .acid. From 3 g of^the diethyl ester of 0 - 
-( piperidyl-4) -glutaric acid and 10 g of diethylaminoethylamine. we obtained 2.5 g ( 57'?.) of substance, 
boiling range 170-190° ( 0.4 mm) . The yellow viscous liquid was readily soluble in organic solvents and difficultly 
soluble in water. 

Found '?.: C 63.30, 63.40; H 10.45, 10.50. C22H4503N5. Calculated '7o: C 63.23: H 10.92. 

1.5-Dibenzylamino-3-( pipetidyl-4’) -pentane. A mixture of 2 g of the dibenzylamide of 0 -( piperidyl - 
-4) -4.1utaric acid. 0.8 g of LiAlH^, 40 m.l of dry ether and 60 ml of dry dioxane, was heated at 70° for 20 hours. 
After°the usual treatment, we obtained 0.7 g (38?, ) of substituted 1.5-diaminopentane in the form of light 
yellow, rather viscous liquid, readily soluble in organic solvents and difficultly soluble in water. Boiling range 
255-270° (0.5 mm). 

Found'?,: N 11.23. C24H36N3. Calculated ‘7<,: N 11.50. 


SUMMARY 

A series of derivatives of 6-( pyridyl-4) -and 6-( piperidyl-4) -glutaric acids and products of their trans- 
formations were synthesized : substituted 3-( pyridyl-4') -1.5-diaminopentanes and 3-( piperidyl-4') -1.5-diamino- 
pentanes. 3-( pyridyl-4') -1.5-dichloropentane. N-benzyl-4,4'-pyridino-piperidine. 
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SOME PRODUCTS. OF TRANSFORMATION OF TETRALIN HYDROPEROXIDE 


A. I. Kamneva and L. A. Salmin 



The primary products of oxidation of hydrocarbons "" peroxides - haye been adequately studied by a number 
of Russian and’foreign scientists [1,3]. However, , the further transformations of peroxides and their 
role in resinification . have remained uninvestigated. 

The present work is devoted to a study of the mechanism of transformation of tetralin hydroperoxide in 
the process of oxidation. 

Tetralin hydroperoxide was first prepared by Hartman and Seiberth in 1932 [2]; it was identified by Hock 
and Susemihi [3], and studied, mote closely by Ivanov [1] and Medvedev [4]. Medvedev showed further oxida- 
tion of tetralin hydroperoxide leads to breakdown to a ketone — tetralgne. Apart from the hydroperoxide and 
tetralone, Medvedev indicates the possibility of formation of ai hydrcocyalkyl peroxide as a product of reaction 
of tetralone with the hydroperoxide. It was later shown by Robertson and Waters [5] that the main products of 
autc oxidation of tetralin ate a-tetralone, a-tetralol and an. acidic substance obtained by oxidation of tetralone. 

hi out preceding studies [6, 7] we showed, independently of Robertson and Waters, that among the products 
of oxidation of tetralin, apart ftom the hydroperoxide and tetralone, are a diketone, an acid andtesinified sub- 
stances. An alcohol (tetralol) was not detected among the products of oxidation of tetralin; evidently the pre- 
vious investigators mistook the enolic form of tetralone for an alcohol. We demonstrated the tautomeric char- 
acter of tetralone in a special paper devoted to this problem [6], 

In the present communication we bring forward data on the investigation of one of the products of auto.- 
oxidation of tetralin - the diketone - and its further transformations. Analysis of the diketone and of the deri- 
vatives obtained showed that this oi-diketone is 3,4-dihydro-l,2-naphthoquinone, not previously described in the 
literature. This diketone is very unstable and when stored for 3 months it, darkens and becomes viscous; its acid 
number rises from 15 mg KOH/g substance to 165 mg KOH/g substance. Analysis revealed the presence in this 
diketone of 55?, acids, from which was isolated S-o-carboxyphenylpropionic acid. We therefore conclude that the 
acids are formed from the diketone by reaction with oxygen and moisture from the air during storage. 

Examination of the literature on this problem.in.particular the papers of M. M. Shemyakin [8], indicate 
that the presence of ketonic groups promotes oxidative -hydrolytic cleavage of molecules and especially of 
molecules of U-diketones in which they are in the ortho-position. In this case the carbon bond is very strongly 
polarized and is readily susceptible to oxidative-hydrolytic cleavage with formation of a dibasic acid. Conse- 
quently the formation of an acid from the diketone according to the following scheme may be considered proved: 




3,4-dlhydto-l,2-naphthoquInone 6 -o-carboxyphenylpropionic acid 

EXPERIMENTAL 

I. Preparation of proper-ies of 3,4-dihydro-l,2-naphthoquinone. Diketone fractidnS/Ohtained upon 
distUlation of oxidized tetralin. distilled over at 114-116° ( 1.5 mm) . In order to study the properties of the dike- 
tone, these fractions were purified by 3 -fold vacuum-distillation. 




473 




B.p. 114” ( 1.5 mm) . df 1.1515. 1.5460, MRp 43.08; calculated 42.61. 

Found ‘fo: C 75.16; H 5.22. CioHA- Calculated <y<,: C 74.99; H 5.03. 

r rn a weiclied portion of the diUetone 

2.4-Dinitrophenylhydrazone. A solution of the reagent wa ^ after 2 hours. 

the a -diketone. 

Found », C 56.32; H3.46; M 16.37. CllcullBd »; C 56.47; H 3.53; 1116.4. 

«,e, 2 d.,., d.* ol.=..,-=olo,.d 0,,.,... f..»ed In ,h= m.p. 260-. Ib. po.cK.g. oompo„..» 

corresponded to that of the di -derivative of the a-diketone. 


Found C 49.50; H 3.23. CzaHieOjNs. Calcul 
The phenylhydrazone was obtained in the form c 


!. CjaHieOgNs. Calculated 'yo: 0 50.77; H 3.08. 
obtained in the form of fine white needles, m.p. 132”. 


Found ‘/o: N 10.89. Calculated for me 


0-derivative N 11.20, 


i-OUmio: IN JLU.oe». 

Reaction with b-phenylenediamine yielded the quinoxalinederivative in the form of fine silvery-white 
needles, m.p. 152.5. 

Found 70: N 10.85. CisHuNg-Calc. N 12.07. 

o ... in air After 3 fflonths. the puto diketone became vBty vis- 

II. Conversi on of diketone upon standing in air._ A r ic KOH/a of compound 

cous, h'ldTtol^h'irry color and had sTarted to crystallize. Its acidity rose from 15 mg KOlVg of compoun 

(due to enolization of the diketone) to 165.2 mg KOH/ g of compound. 

Thus, upon standing, a total of 1.5613 g (23.35%) of diketone remained unchanged, 2JS^^13%)^of 
acids separated out and 1.4418 g (31.52%) of neutral resinous residue formed. From me acid portion, 
lated and identified 8-o-catboxyphenylpropionic acid. m.p. 163.5”. We prepared its si vet 

Found %: Ag 53.53. Ci„HAAg2. Calculated %: Ag 52.94. 

SUMMARY 

1. The presence in the products of oxidation of tetralin of 3,4-dihydro-1.2-naphthoquinone is demon- 
strated. 

2. It is established that S -o-carboxyphenylpropionlc acid is a product of oxidative -hydrolytic cleavage 
of 3,4-dihydto-l, 2-naphthoquinone. 
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SULFONATION AND SULFONIC ACIDS OF ACIDOPHOBIC COMPOUNDS 


XXV. APPLICATICW OF DIOXANE-SULFOTRIOXIDE TO THE DETERMINATION 
OF MONO- AND POLYHYDROXY COMPOUNDS 

A.P. Terentyev and N.B. Kupletskaya 


Preceding communications in this series concerned mainly reactions of substitution of hydrogen by the 
sulfo group in compounds that easily reslnified in presence of the usual sulfonating agents. Examples of such 
acidophobic ( towards sulfuric acid) compounds are diverse hydroxy compounds. , The carbwiization of sugar 
under the action of concentrated sulfuric acid is well-known. Many less complex hydroxy compounds readily 
dehydrate with formation of olefins. If, however, the complex of sulfur ttloxide with dioxane is used as sulfona- 
ting. agent, then the process of sulfonation, i.e,. formation of an acid ester of sulfuric acid, proceeds without any 
trace of resinification. 

In studying the sulfonation of polyhydroxy compounds, we decided to apply this reaction to the quantitative 
determination of hydroxyl groups. The method is based on the irreversible reaction [1]: 

ROH + 0( CHjCHa) O • SO3 ROSOjH + 0( CHiCHi)tO. 

Under the action of water, dioxane -sulfotrioxide immediately gives sulfuric acId ,0(CH2CHj)20-S0s + 

+ HjO H2SO4+ 0( CH4CH2 )jO, which can be readily back -titrated with sodium carbonate or alkali with the 
usual indicators, since dioxane does not interfere with the titration. 

We see that on reaction with alcohols only one of the two acid equivalents of sulfur trioxide is lost, and 
this gives us the possibility of determining hydroxyl groups. 

It was decided to work out specific conditions for carrying out the sulfonation reaction in order to utilize 
it for analysis. Thexeagent used was 1.5-2 N solution of sulfur trioxide in dioxane. Sulfonation must be carried 
out with a 3-4- fold excess of sulfur trioxide ( calculated for each hydroxyl) . After dilution of the reaction mix- 
ture with water, it is necessary to carryout the titration with the utmost speed since the acid esters of sulfuric 
acid are hydrolyzed with great facility. For titration we used indicators that changed color in an acid medium: 
Gbngo red, bromophenol blue, and methyl orange. Unfortunately, the solution of sulfur trioxide in dioxane is not 
very stable, and there is an appreciable change of titer even when kept In sealed ampoules. However, the solu- 
tion is quite^ suitable for analysis in the course of two to three days. 

Pro.ee dure 

Dioxane - sulfotrioxide solution. Commercial dioxane was dried over calcium chloride and distilled. The 
solution of dioxane -sulfotrioxide was made up in an apparatus consisting of two wash -bottles connected In series 
and a gasholder filled with ait. A stream of ait passing through the first wash -bottle, filled with 60% oleum, car- 
ried with it sulfur trioxide into the second, wash -bottle containing dioxane. Passage of air was continued until a 
white precipitate of dioxane -sulfotrioxide, insoluble on shaking, had formed in the second wash-bottle. A little 
dioxane was then added to dissolve the precipitate completely, In thls manner a 1.5-2. N. solution was prepared. 

The dioxane solution was measured out with a small ( 1.5 ml) pipet with two gtaduadon marks. The pipet was 
constructed from thick barometric glass with an internal diameter of about 1,5 mm. To. the top of the: pipet was 
attached a rubber tube in which was inserted a glass bead serving as a seal. The robber tube was joined to a sys- 
tem of communicating vessels, movement of which enabled the solution to be run from the pipet. These communi- 
cating vessels were filled with saturated calcium chloride solution. The lower end of the pipet was slighdy curved, 
and on it was attached, with a robber stopper, a small conical flask to protect the pipet against moisture and dirt. 
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Me thod of determination. A weighed amount of the substance (0.02-0.05 g) was transferred in the usual 
manneTTnto a dry, 50 ml conical flask fitted with a ground-glass stopper; a measured volume of dioxane-sulfo- 
trioxide solution was added and the mixture left for 2-3 minutes. Samples of solid substances were left until 
completely dissolved. Samples of volatile substances were put directly into a measured volume of sulfur ttioxrde 
solution. About 10 ml water was added, the indicator was introduced, and rapid titration at once effected with 
sodium carbonate solution until the color of the indicator changed. A blank titration was run in parallel: titra- 
tion of a measured volume of dioxane-sulfotrioxide after dilution with water. The period’ for each determination 
was about 10 minutes. 

The following formula was used for calculation: 

i Amount of H^^t. moles) = ^ 

where a is the number of milliliters of sodium carbonate solution required for titration in the blank experiment; 
b is the number of milliliters of sodium carbonate solution for titration after reaction with the sample; N is the 
normality of the sodium carbonate; S is the weight of the sample; M is the molecular weight of the sample of 
substance. 

The determinations were accurate on the average to+ 2-3‘7o. Results of determinations ate set forth in 
Table 1. 

We see that satisfactory results ate obtained not only for primary and secondary alcohols but also for ter- 
tiary alcohols. This is an important observation because the usual methods of acetylation and phthalation do 
not permit determination of tertiary alcohols. 


TABLE 1 


Substances investigated 

Percent Har.t. 

OH ( in moles) 

calculated 

found 

Monohydric alcohols 




Ethanol 

2.19 

2.20 

1.01 

Butanol -1 

1.36 

1.33 

0.98 

2 -Methylpropanol -3 

1.36 

1.30 

0.97 

2 -Methylpropanol -4 

1.14 



Nonanol-1 

0.70 

0.68 


Allyl alcohol 

1.73 

1.76 

1.02 

l,l,l-Trichloropropanol-2 

0.62 

0,56 


Benzyl alcohol 

0.93 



Phenylpropyl alcohol 

0.74 

0.73 


Octanol-2 

0.77 

0.77 


Cyclohexanol 

1.00 

1.00 

1.00 

Menthol 1 

0.64 

0.64 

1.00 

2-Methylbutanol"2 

1.14 

1.14 

1.00 

2-Methylhepten-4-ol-2 

1.00 

0.93 

0.93 

2 -Methylhexariol -2 

0.86 

0.86 

1.00 

CHgCHjOCHjCXOH) -GsHu 

0,64 

0.64 

1.00 

Polyhydric alcohols 




Butanediol-1,3 

2.23 

2.26 

2.03 

Butanediol-1,4 

2.23 

2.23 

2.00 

Butynediol-1,4 

2.34 

2.30 

1.99 

Pinacone 

1.70 

1.72 

2.03 

Pentaerythritol 

2.96 

2.96 

4.00 

Mannitol 

3.31 

3.26 



When analyzing such polyhydroxy compounds as pentaerythritol or mannitol, the samples ate finely pul- 
verized and subjected to the action of the reagent until completely dissolved ( approximately 1-2 hours) . The 
blank experiment is run in parallel for the same period. 
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Cases have occurred in which the method did not give satisfactory results. These involve secondary and 
tertiary aromatic alcohols and phenols, the acid esters of which are evidently very easily hydrolyzed. Thus, 
ttiphenylcarbinol almost completely "fails to titrate", and methylbenzyl carbinol, phenol and hydroquinone only 
titrate to the extent of 50-80%. 


TABLE 2 


Substances investigated 

Percent Hact. 1 

1 OH ( in moles) 

calculated 

found 

Glucose 

2,79 

2.76 

4.97 

Galactose 

2.79 

2.79 

5.00 

Fructose 

2.24 

2.19 

3.94 


Determinations were also made of the number of hydroxyl groups in some sugars. Results are presented in 
Table 2. 


Oximes also contain an active hydrogen atom; they should therefore react vrtth sulfur trioxide to give the 
corresponding ester. It is known, however, that acid reagents easily cause rearrangements and transformations 
of oximes. Aldoximes isomerize and split off water with particular ease; we could therefore have expected 
lower analytical results for them. Ketoximes are not susceptible to dehydration and should therefore give better 
results. These assumptions are confirmed experimentally ( Table 3) . 


TABLE 3 


Substances investigated 

1 Percent Hact. 1 

OH ( in moles) 

calculated 

found 

Ketoximes 




Acetoxime 

1.38 

1.36 

0.99 

Acetophenoneoxirae 

0.74 

0.71 

0.96 

Benzoin oxime ( cuprone) 

0.89 

0.91 

2.06 

Aldoximes 




Benzaldoxime ( syn) 

0.83 

0.53 

0.71 

Benzaldoxime ( anti) 

0.83 

0.70 

0.84 

o-NItrobenzaldoxime ( syn) 

0.61 

0.47 

0.78 

o-Nitrobenzaldoxime ( anti) 

0,61 

0.50 

0,83 


Investigation of other classes of compounds showed that under the conditions of determination, esters of 
mono- and dibasic saturated and unsaturated acids do not alter the titer of dioxane-sulfotrioxide. This was con- 
fUmed for the case of ethyl acetate, methyl methacrylate and dimethyl fumarate. The same is true of nitriles 
and amides of acids. Benzyl cyanide, acrylonitrile, acetamide and acetanilide all failed to react under our 
conditions with sulfur ttioxide solution. This is an important observation, since the presence of all these group- 
ings markedly interferes with the determination, of active hydrogen by the Chugaev-Tserevitinov [2] and 
lithium aluminum hydride methodsl [3]. The nitro group, which Interferes with determinations by methods 
using metiiyl magnesium iodide and lithium aluminum hydride, does not react with dioxane-sulfotrioxide, as 
was found in the case of nitromethane. 

aUMMARY 

1. A method was developed for titrimetric determination, of hydroxyl groups with the help of dibxane- 
-sulfotrioxide. The accuracy of the method Is +2-3%, 

2. -Satisfactory results were obtained for mono- and polyhydric alcohols, sugars and ketoximes. 

3. It was diown that phenols and aldoximes cannot be determined by this method. 

4. Nitrile, ester and amide groups and the nitro group do not change the titer of dioxane-sulfotrioxide 
under the conditions of determination. 
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IMIDAZOLE DERIVATIVES 

XIV. OXIDATION OF BENZIMIDAZOLE AND ITS METHYL DERIVATIVES* 


L. S. Efros, N. V. Khr o mo v - Bor iso v , L. R. Davidenko and M. M. Nedel 


Earlier it was shown [ 1, 2] that a disturbance of the equality of the bonds exists in the benzene ting of 
benzimidazole (I), in its character close to that already known for a long time in naphthalene. This distur- 
bance of bond equality should considerably weaken the stability of the benzene ting found in benzimidazole. 
On the other hand, the imidazole ring, entering into this molecule, shows high stability. The latter can be 
observed, for example, in the hydrogenation reaction, where, even under extremely drastic conditions, ben- 
zimidazole (I) forms only the 4,5.6,7-teuahydro derivative [3]. 

It also seemed of interest to compare the stability of the rings, forming this molecule (I), in the oxida- 
tion reaction; in this connection an attempt could be made to find a method possessing practical value for the 
preparation of imidazole- 4,5 -dicarboxylic acid (II), used for the synthesis of imidazole [4] and of certain dyes 
[5]. 




Bamberger and Berle [6] occupied themselves with oxidation of (I) long before we did. However, 
due to the, fact that they tan this reaction in alkaline medium. In which hetero rings ate usually less stable 
[7], the yield of the dicarboxylic 'acid (II) in their numerous experiments failed. to exceed I");). 

Proceeding from the above, we ran the oxidation of (I) in acid medium with chrome mixture; here 
we obtained the dicarboxylic acid (II) In about 60% yield. As a result, both in the oxidation in acid medium 
and in hydrogenation of the two tings forming the benzimidazole molecule (I), the mote stable, and con- 
sequently the mote aromatic, is not the benzene ring, but instead it is the imidazole ring. It also seemed of 
interest to study the oxidation of 2-methylbenzimidazole (III) and of 1-niethylbenzimidazole (V). The 
methyl group in the 2- position of the imidazole molecule is exttemely passive in oxidation reactions (as we 
had already repeatedly observed earlier [2, 8]), and consequently it could be expected that the action of the 
oxidizing agent would be directed mainly toward the benzeneting. . Experiment confirmed our expectations. 
It was found that the oxidation ofcompound (III) with chrome mixture under analogous conditions gave 
2-methyliraidazole-4,5-dicatboxyllc acid (IV) in 50% yield. 




HOOC 

HOOC 




(HI) (IV) 

• For previous communications cf.; J. Gen. Chem. 24, 488 (1954). (C.B. Translation p. 497). 


it is extremely interesting that this remarkable stability of the methyl group in (III) with respect ra 
the action of oxidizing agents is coupled with the presence of mobility for its hy^ogen atoms, establis e 
by A. E. Pdrai-Koshits [9]. 


The experiments on the oxidation of 1-methylbenzimidazole (V) with chrome mixture revealed, in 
contrast to the previous cases, that it is impossible to obtain l-methylimidazole-4,5-dicatboxylic acid (VI) 
by this method. We synthesized this acid (VI) by a different method, and specifically, by the methylation 
of iraidazole-4,5-dicarboxylic acid (11) with dimethyl sulfate, [On the basis of studying the properties of 
the previously unknown l-methylimidazole-4,5-dicarboxylic acid (VI) we attempted to isolate it from the 
oxidation products of 1-methylbenzimidazole (V) with chrome mixture and found that it is not contained in 
the reaction mixture,] As a result, replacement of the hydrogen in the imino group of the imidazole ring 
in benzimidazole by the methyl group, preventing tautomerization [10], weakens the stability of the imidazole 
ting toward oxidation. 

In the potentiometric titration of the dicarboxylic acids (11). (IV) and (VI) we obtained curves with 
distinct jumps in the potentials, characterizing the acidity of their carboxyl groups. The values of the acid 
dissociation constants found from these curves are given in Table 1. The titration data obtained for the 
dicarboxylic acid (VI) support the structure assigned to it. 


“ Oxidation of benzimidazole (I). At first, in order to de- 

Dicatboxyllc termine the optimum acidity for the medium, we studied the 

Acid oxidation of (I) with chromic anhydride. For the reaction we 

jq-4-o lO"’''* took solutions of 1 g of the product in 35 ml portions of sulfuric 

10"*'® acid of various concentrations, and the oxidation was with 5.6 g 

(VI) ^ lO-’"* lO'*'* of chromic anhydride and mild boiling of the reaction mixture. 

The experimental results are given in Table 2. 

TABLE 2 The following procedure Is recomended for the practical 

^ preparation of dicarboxylic acid (II): oxidation of benzimidazole 

Concentra- Yield of imidazole-4,5 dl- (I) was performed in 350-450 ml porcelain beaker with continuous 
tionofsul- carboxyUc acid (II) mechanical: stirring. 5 g of benzimidazole was dissolved in a 

furic acid ! ”” mixture of 70 ml of concentrated sulfuric acid (d 1.83) and 55 ml 

g) (in %) Qf water, and the liquid was heated to 90° and addition in small 

^ ^ ^ portions of 37 g of well ground potassium dlchromate was begun. 

50 0.56 42.5 Xhe reaction evolved heat and was accompanied by moderate 

55 0.62 47 foaming. Tire potassium dichromate was added at the rate neces- 

50 0.75 57 ^ maintain the temperature of the reaction mixture in the 

55 0.92 70 range 90-95°. After all the potassium dichromate was added 

"iO 0.89 67.5 (average time 40-50 minutes), the reaction mixture was stirred 

0.89 67.5 10-15 minutes more and then pouted in 400 ml of water 

and tire total reaction mass was externally cooled with cold 
water. After 30 - 40 minutes, the prepared dicarboxylic acid (II) was filtered off, washed with water and dried. 
The yield was 55-57%. The product was purified by two-fold reprecipitation from the alkaline solution with 
acid. (The acid was added to the alkaline solution heated to the boiling point and previously treated with 
activated carbon for a half hour). 


The dicarboxylic acid (II) was difficultly soluble in organic solvents and very difficultly soluble in 
hot water. It decomposed with frothing at atout 290°. (The capillary was placed in amelting-point deter- 
mination apparatus which was heated to 270°. The temperature then was raised at the rate of 1° per 7-8 
seconds). We were able to crystallize (although not very well) dicarboxylic acid (II) from large quantities 
of dilute boiling hydrochloric acid (1:5). 

0.1557 g of the acid was dissolved in 25 ml of 0.102 N caustic soda solution and the resulting solution 
was titrated In the presence of a glass electrode with 0.104 N hydrochloric acid solution. The magnitude of the 
pH at the half points was 4.0 and 7.8; 20.23 ml of hydrochloric acid were spent in the titration. 

Found %: N 17.94, 18.12. M 148. Calcd. %: N 18.06. M 156. 

Oxidation of 2-methylbenzimidazole (HI). Oxidation of (in) with a chromic mixture was performed 
by the same method as was the oxidation of (I). A yield of 51-53% of dicarboxylic acid (IV) was obtained. 

For purification, it was recrystallized from boiling water (1 g of acid to 200—225 ml of water) in the presence 
of activated carbon. After treatment, it was in the form of colorless needles which decomposed with frothing 
at around 270°. (A capillary with the compound was placed in melting-point determination apparatus, which 
was heated to 260°. The temperature was further raised at the rate of 1° pet 7-8 seconds). 

Dicarboxylic acid (II) was difficultly soluble in organic solvents and slightly soluble in hot water and 
in pyridine. 

0.2268 g of the acid was dissolved in 40 ml of 0.102 N caustic soda solution and the resulting solution 
was titrated in the presence of a glass electrode with 0.104 N hydrochloric acid solution. The magnitude of 
the pH at the half points was 4.2 and 8.0; 25.17 ml of hydrochloric acid solution was spent in the titration. 

Found %; N 16.40, 16.34. M 173. CeHj04Nj, Calcd. %: N 16.47. M 170. 

Preparation of l-m ethylimidazole-4,5-dicatboxylic acid (VI). 4.6 g of caustic soda was dissolved in 
420 ml of water and thenT^ g of dicarboxylic acid (II) and then 10 ml of dimethyl sulfate was added with 
continuous stirring. After 5—10 minutes, when the reaction mixture had become thoroughly transparent, 10 
ml of concentrated ammonia solution was added to it; it was heated to a boil and then acidified with hydro- 
chloric acid until acid reaction to Congo. Upon cooling to room temperature, the liquid was immediately 
filtered clear of the precipitate of unreacted dicarboxylic acid (II) and then evaporated to 30-40 ml volume. 
The next day the crystals that had formed were filtered off and recrystallized from 50 ml of water in the 
presence of activated carbon. The yield of dicarboxylic acid (VI) was 25-27%. It was obtained in the form 
of nacre-colored leaflets wMch decomposed with frothing around 262°. (A capillary with the compound was 
placed In a melting-point determination apparatus which was heated to 250°. The temperature was further 
raised at the rate of 1° per 7-8 seconds). Dicarboxylic acid (VI) was poorly soluble inorganic solvents and 
quite readily soluble in hot water and in pyridine. 

0. 1988. g of the acid was dissolved in 100 ml of water and the resulting solution was titrated in the 
presence of a glass electrode with 0.10024 N caustic soda solution. The magnitude of the pH at the half points 
was 3.9 and 8.0; 23.0 ml caustic soda solution was spent in titration. 

Found %: C 42.21, 42.17; H 3.55, 3.55; N 16.65, 16.38. M 172. CjH^O^Nj. Calcd. %: C 42.35; 

H 3.53; N 16.47.'-M 170. 

SUMMARY 

1. Conveniently practical methods for the synthesis of imidazole-4,5-dIcatboxylic and 2-methyl- 
imidazole-4,5-dicatboxylic acids were found by means of respectively oxidizing benzimidazole and 2-methyl- 
benzimldazole with chrome mixture. 

2. The destruction of the benzene ting, and not of the imidazole nucleus, in the oxidation of ben- 
zimidazole and 2-methylbenzImidazole with chrome mixture confirms once more the existence of the earlier 
described disturbance of the equality of the bonds in the benzene ting of the above-mentioned compounds. 

3. The fact that it Is Impossible to obtain l-methylimldazole-4,5-dIcarboxylic acid by the oxidation 
of 1-methylbenzImldazole Is evidence that the stability of the imidazole ting is associated wi& its ability to 
tautomerize. 
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4. A method for the preparation of l-methylimidazole-4,5-dicarboxylic acid was described and 
some of its properties were studied. 
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IMIDAZOLE SERIES 


III. ACTION OF a-HALO KETONES ON 2-MERCAPTOIMIDAZOLES 
P. M, Kochergin and M. N. Shchukina 


♦* 





It Is known that thiourea, its N-substimted derivatives, and also the thioamides of carboxylic acids, 
react with a-halo ketones to yield thiazole derivatives. Here the intermediate compounds were not isolated, 
since these reactions proceed with vigor, and it is impossible to stop them at the first stage. 2-Mercaptoimid- 
azoles can be regarded as being cyclic N, N'-dlsubstItuted isothioureas; consequently it could be expected 
that derivatives of the little known imldazo-(2,l-b)- thiazole heterocyclic system would be obtained when 
they are reacted with ct-halo ketones. It seemed of Interest to isolate the intermediate compounds obtained 
in the formation of the thiazole ring-the 2- 6-ketoalkyl (aryl)-raercaptoimldazoles, and to study their 
properties and the conditions for their transformation into iraldazo-(2,l-b)-thiazoles. 

In the present work we studied the reaction of the earlier synthesized 4(5)-phenyl- and 4 (5)-p-nitro- 
phenyl-2-mercaptoimidazoles [1] with a-halo ketones of the fatty, fatty-aromatic and alicyclic series in 
alkaline, neutral and acid media. The reaction of 4 (5)-phenyl-2-mercaptoimIdazole with chloroacetone, 
a-chlotoethyl methyl ketone, 2-chlotocyclohexanone, a-btomoacetophenone and its para- and meta-nitro 
derivatives, and also of 4 (5)-p-nitrophenyl-2-mercaptolmidazole with chloroacetone, a-chlotoethyl methyl 
ketone and 2-chlorocyclohexanone, in alcohol solution in the presence of an equivalent amount of alkali, 
gave the corresponding 2-0 -ketoalkyl (atyl)-mercaptoimidazoles (I- IX, table) in good yields (Se-BS'inj). 

The 2-S -ketoalkyl (aryl)-mercaptoimidazoles are also formed when these reactions are run in aqueous alkali 
solution: however, in this case tarring is observed and their yield is greatly reduced. If the reaction is run in 
either alcohol or water solution (in the absence of alkali), then the corresponding hydrogen halide salts of 
the 2-6 -ketoalkyl (atyl)-metcaptoimldazoles ate obtained in good yields. 

The ketonic properties of the 2-6 -ketoalkyl (atyl)-mercaptoimidazoles ate confirmed by their reac- 
tion with semicatbazide and with 2,4-dlnittophenylhydrazine, by their ease of btomination in the cold; and 
also by the presence of the absorption bands for the carbonyl group in the infrared spectrum (~ 1760 cm'^) • . 

The reaction of the 2-mercaptoImidazoles with the a-balo ketones of the fatty and alicylic series 
proceeds differently in acid medium. The reaction of 4 (5)-phenyl-2-metcaptoiraidazole with chloroacetone 
and with 2-chlorocyclohexanone in hydrochloric acid solution gave us imldazo-(2,l-b)-thlazole and Imidazo- 
(2,l-b)-tettahydrobenzothIazole derivatives, respectively: 3^methyl-6-phenylimidazo-(2,l-b)-thiazole and 
10-phenylimidazo-(2,l-b)-tettahydtobenzothiazole. Under analogous conditions the fatty- aromatic a-halo 
ketones form hydrogen halide salts of 2-0-ketoatylmercaptoimldazoles. 

The 2- 6 -ketoalkyl (atyl)-metcaptoiraldazoles ate intermediate compounds in the formation of the 
thiazole ring, since they ate capable of cleaving one molecule of water and being converted into imidazo- 
(2,l-b)-thiazole derivatives. This reaction depends on the temperature and time of exposure to the reagent, 
the character of the ketone radical, the nature of the substituent in tfte 4 (5)-position of the imidazole ring, 
and also on the catalytic Influence of hydrogen ions. Thus, for example, closure of the thiazole ring fails 
to proceed when 4 (5)-phenyl-2-acetonlymercaptolmIdazole is boiled in 25<fl) alcoholic hydrogen chloride 
solution, while at higher temperature (when boiled in hydrochloric acid) 3-methyl-6-phenylimldazo-(2,l-b)- 
thlazole is formed in 94% yield. Boiling with hydrochloric acid (11-38%) easily evokes the cyclization of 
4 (5)-phenyl-2-6-ketoalkylme:rcaptoimidazoles, in which the radicals are the residues of either fatty or 


The spectrum for 4 (5)-phenyl-2-acetonylmercaptoimldazole was taken by Yu. N. Shelnker. 



alicylic ketones (acetonyl, methylacetonyl, cyclohexanonyl). With this method, proceeding from the cor- 
responding 2- 0-ketoalkylmercaptoimidazoles, we obtained; 3-methyl-6-phenylimidazo-(2,l-b)-thiazole. 
2,3-dimethyl-6-phenylimidazo-(2,l-b)-thiazole and I0-phenyiimidazo-(2,l-b)-tetrahydrobenzothiazole. 



1) = H, R* = CHjCOCHs: 2) R^ = R? = CHj. 


The S-cyclohexanonyl derivative of 4 (5)-p-nitrophenyl-2-mercaptoimidazole fails to cyclize under 
analogous conditions, which, probably, can be explained by the insolubility of this compound in hydrochloric 
acid. The S-substituted derivatives of 4 (5)-phenyl-2-metcaptoimidazole with residues of fatty- aromatic 
ketones (phenacyl, para- and meta-nitrophenacyl) fail to suffer closure even on prolonged Ixjiling in con- 
centrated hydrochloric acid. To cyclize these compounds it is necessary to use powerful water-removing 

A study of the cyclization of 2-S-ketoalkylmetcaptoimidazoles and of imidazo-(2.1-b)-thiazole 
derivatives permitted us to conclude that the formation of the thiazole ting proceeds under the catalytic in- 
fluence of hydrogen ions. This conclusion is in accord with a number of known facts. For example, the con- 
densation of carbonyl compounds with hydroxylamine, hydrazines and semicarbazides (i. e. with compounds 
containing either the amino or imino group) is catalyzed by mineral acids [2], In neatly all cases the forma- 
tion of thiazole derivatives, in particular, proceeding from thiourea, the thioamides of carboxylic acids, and 
a-halocarbonyl compounds, proceeds easily without need for neutraUzing the hydrogen halide that is formed 
in the reaction. This also applies to the known S-acetonyl derivatives of 2-metcaptoimidazoles [3-5], 

2- metcaptobenzimidazoles [5] and 8-mercaptopurines [3, 6], the cyclization of which to the corresponding 
bicyclic and tricyclic systems proceeds in the presence of acidic reagents (glacial acetic acid, concentrated 
sulfuric acid, or phosphorus oxychloride). 

The catalytic influence of hydrogen ions in the closure of the thiazole ring is supported by the following. 
Iraidazo-(2,a-b)- thiazole derivatives ate formed when 4(5)-phenyl-2-mercaptoimidazole is heated with 
a -halo ketones of either the fatty or alicyclic series in hydrochloric acid, while in aqueous (either alkaline 
or neutral) solution 4(5)-phenyl-2- 6-ketoalkylmetcaptoimidazoles ate obtained. When boiled in water the 
latter fail to cyclize, while in hydrochloric acid at the same temperature they are transformed into imidazo- 
(2,l-b)-thlazole derivatives. The boiling of 4{5)-phenyl-2- acetonyl- and 4(5)-phenyl-2-( a-methyl) acetonyl- 
mercaptoimidazoles in normal butyl alcohol fails to alter these compounds, while their hydrochlorides under 
the same conditions are almost quantitatively converted into the hydrochlorides of the cyclic compounds: 

3- methyl-6-phenylimidazo-(2,l-b)-thiazole and 2,3-dlmethyl-6-phenylimidazo-(2,l-b)-thiazole. 

A similar example was described in the literature: the condensation of 8-mercaptotheOphyllihe with 
chloroacetone in anhydrous alcohol in the presence of sodium ethylate gave S-acetonylmercaptotheophylline, 
while when the heating was done in the same solvent without sodium alcohblate (i. e. under conditions ex- 
cluding the neutralization of the acid formed) the corresponding puriiio-(8,7-b)- thiazole was obtained [3], 
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It should also be mentioned that the 4(5)-phenyl- and 4(5)-p-nitrophenyl-2-6-ketoalkyl (aryl)-metcapto- 
imidazoles obtained by us fail to show cyclization when heated in solutions of alkaline metal carbonates, while 
when heated in sodium hydroxide solution they suffer tarring. 

The cyclization of 2- 0-ketoalkylmercaptoimidazoles can be regarded as being an Internal alkylation of 
the imino group in the nucleus of the 2-metcaptoimidazoles by the residue of the carbonyl comijound, linked 
with sulfur; consequently, in the preparation of imidazo-(2,l-b)-thiazoles by the cyclization of 4(5)-phenyl-2- 
ketoalkylmercaptolmidazoles it is theoretically possible to form two isomers: derivatives of 5-phenyliraldazo- 
(2,l-b)-thiazole and of 6-phenyIimidazo-(2,l-b)-thiazole, while for the lmidazo-(2,l-b)-tetrahydtobenzothl- 
azole, derivative it is theoretically possible to obtain the corresponding 9-phenyl- and 10-phenylimidazo-(2,l-b)- 
-tetrahydrobenzothlazoles. 



However, in the condensation of 4(5)-phenyl-2-mercaptoimidazole with chloroacetone and with 2-chloro- 
cyclohexanone in hydrochloric acid solution, the same as in the cyclization of the S-acetonyl-, methylacetonyl- 
and cyclohexanonyl- derivatives of 4(5)-phenyl-2-mercaptoimidazole, into derivatives of imidazo-(2,l-b)-thiazole 
and of imidazo-(2,l-b)-tetrahydrobenzothiazole, in all cases we were able to isolate but a single isomer. Taking 
into consideration the fact that only one isomer is formed in the methylation of 4(5)-phenyl-2-benzylmetcapto- 
imidazole, namely: l-methyl-4-phenyl-2-benzylmercaptoimldazole [7], it could be assumed that the bicyclic 
compounds obtained by us are derivatives of 6-phenylimidazo-(2,l-b)-thiazole, and the tricyclic— of 10-phenyl- 
imidazo-(2,l-b)-tetiahydrobenzothiazole. To prove the structure of these compounds we synthesized them by 
coincident methods, proceeding from the corresponding 2-aminothiazoIes and a-bromoacetophenone. 

It is known that 2-aminothlazole and its 4,5 -substituted derivatives, the same as other heterocyclic 
a-amino compounds (2- aminopyridine, 2-aminoquinoline), the amino groups of which form the amidine group- 
ing with nuclear (ring) nitrogen, in the alkylation with alkyl halides form N-alkyl derivatives of thiazoline-2- 
imides, with alkyls on the nuclear nitrogen atom [8], The action of a-bromomethyl ketones on 2-aminothiazoles 
proceeds with the formation of analogous compounds. However, these 3-0-keto derivatives of thiazoline-2-lmides 
were not isolated in the free state, since they easily cleave one molecule of water, being transformed into 6-sub- 
stituted derivatives of imidazo-(2,l-b)-thiazole [9, 10]. The action of a-halo ketones on 2-aminothiodiazoles 
gave [11]: 3-phenacyl=, p-nitrophenacyl- and acetonyl- derivatives of thiadlazoline-2-imides. 

The boiling in alcohol solution of equimolar amounts of either 2-aminotetrahydrobenzothiazole, 2-amino- 
4,5-dimethylthiazole or 2-amino-4-methylthiazole with a-bromoacetophenone gave us 10-phenylimidazo-(2,l- 
b)-tettahydrobenzothiazole, 2,3-dimethyl-6-phenyUmidazo-(2,l-b)-thiazole and the known 3 -methyl- 6-phenyl- 
imidazo-{2,l-b)-thiazole [9]. These compounds proved to be identical with the substances obtained from 
4(5)-phenyl-2-mercaptoimidazole and the corresponding a-halo ketones. 



CeHs-CO 


CHa N- 
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c„H5-(!o h,n/'\s/ Lc,H5-co hn^'^s- 
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1) R' = CH„ R* = H; 2) B' = R’ = CHj. 

As a result, it was elucidated that in the cyclization of 4(5)-phenyl-2- B-ketoalkylmercaptoimida^les 
into imidazo-(2.1-b)-thiazoles, the same as in the methylation of 

phenyl group in the 4 position of the imidazole ring is strengthened [ the 6 position n *e imidazo-(2.1-b)-th 
Lycle. and the 10 position in the imidazo-(2.1-b)-tetrahydrobenzothiazole tricycle]. 

All of the obtained compounds, with the exception of the S-methylacetonyl- 

,16 forms of microbes). . No preparations showing considerable activity were found among these compound . 
experimental 

^.l.Phenvl-2-f2*-cvclohexanonyl)-metcaptoimidazole (III). 10 g of 4(5)-phenyl-2-mercap«,imidazole 

ad ded to an aLholic solution of aLli. prepared from 1.3 - g - ^ metalllc sodium and 100 ml of 96<7o ethyl 
airnhol and the mixture was heated until complete solution of the substance. 7.9 g of 2-chlotocyclohexanone 
waTdten “dc^ed rsoTuti" was heated to for 1 hour and 10 minutes at die boiling point of the solvent 

(untU the reaction was neutral on litmus). After separation of the sodium chloride, the solution was 
Obtained 10 5 B of compound m.p. 122-123’. The mother liquor was evaporated to low bulk and^4.6 g mor 

the same compound m^p. 121-122', was separated. The total yield of 4(5)-phenyl-2-(2 -cyclohexanonyl)-m 

rantoimidazole was’l5 1 B (97 Colorless spindle-shaped crystals from alcohol, m.p. 123-124 , soluble iiv 
XoTglta glacUl .c’ .lc add and la ...a.lon.df dln.,,1 add., dlfflc.lty »lubl. la ate and carte 

tetrachloride and insoluble in petroleum ether, water and m alkali solution. 

By this method we prepared a series of analogous compounds (see fable). If the 2- 0 
mercaptoimidazole that formed in ±e reaction was difficultly soluble in alcohol and 
after completion of the reaction, the mixture was cooled and the precipitate was filtered off and 
water to remove the sodium chloride or bromide. Concentration of the alcoholic mother solution yielded som- 
what more of the compound. All compounds to be analyzed were recrystallized from ethyl alcohol with the ex- 
ception of (VIII), which was recrystallized from ethyl acetate. 

P-M.thv1.fi-nhe nvllmlda’zo-(2.1-b)-thiazole (X). A) 2.75 g of chloroacetone w 
of 5 a of4(5)-phenyl 2:4rcaptoimidazole in 80 ml ot 36^0 hydrochloric acid and *e mixture was boiled for 
1 hotl The light-brown solutL was then heated with carbon, filtered and cooled. The white precipitate *at 
^ ® mall quantity of alcohol and dried. Concentration of the aqueous alcoholic 


IS added to a hot solution 


mo*2 ''l^urto'low ’b^kTielS^so^ 6.5 g (91.5<yo) of die hydrochloride of 

3 methyl-6%henylimidazo-(2.1-b)-thiazole-colorless needles from alcohol, m.p. 228-232 (with decomp. )^ 
AdTrSn 0 dfy soSum bicarbonate to die alcoholic solution of the hydrochloride yielded a base: 3-me*yl-6- 
r^mlzo-(2.1-b)-thiazole-colorle^^ prisms from alcohol, m.p. 113-113.5“. A test mixture with -meftyl- 
C5™i‘'az!i-(2.1-b)-diiazole (m.p. 113-113.5'). prepared by condepsing 4-methyl-2-aminothiazole with 

7~^e studies were made by S. N. Milovanova and A. A. Mikerina under the supervision of G. N. Petshin. 
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a-bromoacetophenone according to the method of Kondo and Nagasawa [9], melted at 113-113.5'. A test 
mixture with 4(5)-phenyl-2-acetonylmetcaptoimidazole (I) melted at 80-84'. 

B) A solution of 1.7 g of the hydrochloride of 4(5)-phenyl-2-acetonylmercaptoimidazole in 30 ml of 
m hydrochloric acid was boiled for 1 hour and then treated as in the previous experiment. Yield 1.5 g (947o) 

of the hydrochloride of 3-methyl-6-phenylimidazo-(2,l-b)-thiazole. melting range 225-228' (with decomp )^ 
which in sodium bicarbonate solution yielded a base: 3-methyl-6-phenylimidazo-(2,l-b)-thiazole, m.p. 

113.5'. 

C) A solution of 1.3 g of the hydrochloride of 4(5)-phenyl-2-acetonylmercaptoimidazole in 20 ml of 
n-butyl alcohol was boiled for 1 hour. The precipitate which formed upon cooling was filtered oif and dried. 
Evaporation of the mother liquor to dryness and washing of the crystals with ether yielded somewhat more of 

this compound. Yield 1.2 g (99=7o) of the hyorochloride of 3-methyl-6-phenylimidazo-(2, l-b)-thiazole, 

melting range (from alcohol) 228- 232“ (with decomp.). From the hydrochloride we isolated the base-3-methyl- 
6-phenylimidazo-(2.1-b)-thiazole. m.p. 113-113.5°. 

2..3-Dimethvl-6-phe nvlimidazo-(2.1-b)thiazole (XI). A) A solution of 1 g of 4(5)-.phenyl-2-(a...methyl- 
acetonyD-mercaptoimidazole in 5 ml of hydrochloric acid was boiled for one hour and then neutralized wit . 
sodium carbonate solution. The white precipitate which formed was filtered off, washed with water and dried. 
Yield 0.9 g (97<7o) of 2.3-dimethyl-6-phenylimidazo-(2,l-b)-thiazole-colorless flakes, m.p. 157 158 (from 
alcohol), soluble in ordinary organic solvents, hydrochloric acid, and difficultly soluble in ether and gasoline, 
insoluble in water and in alkali solution. A test mixture with the initial 4(5)-phenyl-2-(a-methylacetonyl)-mer- 
captoimidazole (m.p. 96~97‘’) melted at 78- 84 . 

Found C 68.46: H 5.24; N 11.89; S 14.06. CisH^NjS. Calcd. ^o: C 68.37; H 5.33; N 12.27; S 14.05. 

Hydrochloride- colorless needles from alcohol, m.p. 237-239' (turns brown), soluble in alcohol and in water. 

Found <7« G1 13.10. CssHhNjCIS. Calcd. 7 o; Cl 13.40. 

B) A solution of 0.6 g of the hydrochloride of 4(5)-phenyl-2-(a-methylacetonyl)-mercaptoimidazole in 
4 ml of n-butyl alcohol was boiled for 1 hour and then treated as for the preparation of (X) (Method C).^ liield 
0 55 g (98.2<J5,) of the hydrochloride of 2,3-dimethyl-6-phenylimidazo-(2,l-b)-thiazole, m.p. 237-239' (from 
alcohol). A test mixture with the hydrochloride of the initial 4(5)-phenyl-2-( a-methylacetonyl)-mercaptoimid- 
azole (m.p. 177-178°) melted at 155-158°. Decomposition of the hydrochloride in sodium bicarbonate solution 
yielded a base-2,3-dimethyl-6-phenylimidazo-(2,l-b)-thiazole. m.p. 157-158°. 

C) A solution of 2.55 g of 4.5-dimethyl-2-aminothiazole [12] and 3.9 g of ot-bromoacetophenone in 20 ml 
of alcohol was boiled for 3 hours. The precipitate which formed upon cooling was filtered off, washed with alco- 
hol, then with ether and dried. Concentration of the mother liquor to low bulk yielded somewhat more of this 
compound Yield 6.1 g (92,l<7o) of the hydrobroroide of 2,3-dimethyl-phenyUmidazo-(2,l-b)-thiazole, decom- 
position of which in sodium bicarbonate solution yielded a base: 2.3-dimethyl-6-phenylimidazo-(2.1-b)-thiazole. 
which after recrystallization from alcohol was in the form of colorless flakes, m.p. 157-158°. A test mixture 

with the compound, prepared by Method A or B, melted at 157-158°. 

10-Phenyliroldazo-(2,l-b)tettahydtobenzothlazQl (XN). A ) 1 g of 2-chlorocyclohexanone was added to 
a suspension of 1 g of 4(5)-phenyl-2-metcaptoimidazole in 35 ml of ll^o hydrochloric acid and the mixture was 
boiled for 30 minutes. Activated carbon was then added to the light brown solution and it was boiled for 30 
minutes more; the hot solution was then filtered and treated as in the preparation of (XI) (Method A). We obtained 
10-phenylimldazo-(2,l-b)-tettahydtobenzothiazol in the form of colorless needles (from alcohol), m.p. 169 , sol- 
ubility as for (XI). A test mixture with 4(5)-phenyl-2-(2'-cyclohexanonyl)-mercaptDimidazole (III) melted at 
115-116°. 

Found ‘?o: C 70.73; H 5.41; N 11.24; S 12.53. CjgHj^iNsS. Calcd. "fo: C,70.82; H 5.55; N 11.02; S 12.61. 

Hydrochloride- colorless flakes (from alcohol), m.p. 273-274° (In a sealed capillary), soluble in water 
and in alcohol. 

Found 1oi Cl 12.00. CjaH^NsClS. Calcd. "/o: Cl 12.20, 
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Ik from alcohol, m.p. 146-148". Found <7<.: N 23.94, CjsHbONsS. Calcd. <7o; N 24.22^ 

Hydrochloride-colorless flakes from alcohol. m.p.l77-178"(with decomp.). Found J: C 2.4 . WC S ^ "d £ i 10 

Hydrochloride-colorless flakes from alcohol, m.p. 220-222" (with decomp.). Found Cl 10.75. C,^>sO^ClS. Calcd.^^o. ^ 
Hydrobromide-colorless threadlike crystals, m.p. 226-22r (with decomp.). f % 19 94 

sLicarbazone-colorless crystals from alcohol, m.p. 179-181". Found N 20.17. C^Hi^NsS. Calcd. <7o. N 19.94. 


B) A solution of 0.8 g of 4(5)-phenyl-2-(2'-cyclohexanonyl)-mercaptoimtdazole n m of 

chloric acid was boiled for 1 hour and then treated as in the previous experiment. Yield 0.72 g (97,3?o) of 
10-phenylimidazo-(2.1-b)-tetrahydrobenzothiazole, m.p. 168-169" which after recrystallization from alcohol 
was in the form of colorless needles, m.p. 169°, 

C) A solution 0.59 g of 2-amino-4,5,6.7-tettahydtobenzothiazole [13] and 0.75 g of a-bromoaceto- 
phenone in 10 ml of alcohol was boiled for 3 hours. After cooling, ether was added to the coloHess so ution 
and the precipitate that formed (hydrobtomide of 10-phenylimidazo-(2.1-b)-tettahydrobenzothiaz«l ( . g. 
90*) was filtered off, washed with ether and decomposed in sodium bicarbonate solution. We obtained 
10-phenyliraidazo-(2,l-b)-tetrahydtobenzothiazole in the form of colorless needles from alcohol, m.p. 169 . 

A test mixture with the compound, prepared by Method A. or B, melted at 169°. 

SUMMARY 

1 The reactions of 4(5)-phenyl- and 4(5)-p-nitrophenyl-2-mercaptoimidazoles with a-halo ketones 
of the fatty, fatty- aromatic and alicyclic series gave 2-6-ketoalkyl (aryl)-mercaptoimidazoles, 

2 The reaction of 4(5)-phenyl-2-metcaptoimidazole with a-halo ketones of either the fatty or alicy- 
clic series in hydrochloric acid solution, or under boiling of the corresponding 4(5)-phenyl-2- 6 -ketoalkylmer- 
captoimidazoles in hydrochloric acid, gave substituted imidazo-(2.1-b)-thiazole and imidazo-(2. -b -tetra- 
hyLbenzothiazole derivatives. The structure of these compounds was established by their coincident syn- 
thesis from the corresponding 2-aminothiazoles. 

3. The catalytic Influence of hydrogen ions for the closure of the dtiazole ring in the cyclizations 
of 4(5)- phenyl-2-6 -ketoalkylmercaptoimidazoles into imldazo-(2,l-b)-th:azoles was shown. 
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AMINOACRIQUINE AND ITS ANALOGS 


A. M. Grigorovsky and T. 


A. Veselitskaya 


A large number of acridine derivatives are characterized by diverse biological acitlvity (antiviral, 
bactericidal, antimalarial, antihelrointhic, etc.): in this connection only a few acridine compounds, showing 
high activity, possess relatively low toxicity. Such compounds have found use as medicinal agents (acnquine, 
rivanol, trypaflavin, etc.). 

A compound synthesized in the USSR with a structure close to that of acriquine is aminoacriquin^ 

2-methoxy-6-chloto-7-amino-9-(l-diethylamIno-4-methylbutyl)-aminoacridlne dihydrochloride [1], which 

shows highly diverse biological activity. 

NHCH(CH3)CH2CHjCHjN(C2H5)j 



In experimental avian malaria it was shown that aminoacriquine possesses the same activity and is 
less toxic than acriquine [2]. Aminoacriquine was tested with positive results as an agent for the treatment 
of ffichomonad flagellates (in gynecological practice) [3]. Positive results were also obtained in the treat- 
ment of theileriosis in major farm animals with aminoacriquine [4]. Recently it was established that amino- 
acriqulne, both experimentally and clinically, is extremely effective in the treatment of various vermicular 
diseases in both humans and animals [5-7]. 

Acriquine, analogs close to aminoacriquine in structure, not substituted in position 7. containing the 
substituents OCHg and Cl in the 2 and 6 positions of the acridine ring, and a dialkylaminoaklylamlne residue 
in the 9 position, have been synthesized in extremely large number and have been tested. In comparison to 
acriquine, for their antimalarial activity [8, 9]. Similar aminoacriquine analogs, containing the Nl^-^oup 
as additional substituent in the 7 position of the acridine ring, up to now have remained unknown and have 
not been tested for their biological activity. 

In this communication we describe a number of such compounds, more readily available than amino- 
actiquine itself. We synthesized these compounds for the purpose of studying their biological activity, in 
comparison to aminoacriquine. The 2-methoxy-7-nitto-6,9-dichlotoacridine needed for the synthesis of 
aminoacriquine and its analogs was obtained by the method described earUer [10]. This compound cannot 
be obtained from 2-methoxy-6,9-dichl6roacridine, an intermediate in the producuon of acriquine, by its 
nitration, since the mixture of nitro compounds obtained here predominantly contains the nittomethoxy i- 
chloroactidine in which thenitro group is found in other than the 7 position. For the most. part the necessary 
diamines were prepared without difficulty by known procedures. 


An attempt was made by us to improve the synthesis of l-dialkylamlno-S-amlnobutanes from the 
readily accessible 1,3-dialkylaminoketones [11], The catalytic reductive amlnation of 1.4-diall:ylamInoke- 
tones leads to varying yields of 1,4-diamines. However, in the.case of the 1,3-dialkylaminoketones, with 
this method we were able to obtain the 1,3-diamines only in insignificant yield, since here most of the sub- 
stance suffered cleavage with the formation of dialkylamine and 2-butanol. This agrees with other sirnilar 
observations made on the behavior of 1,3-amlnoketones in reduction reactions [12]. The synthesis of Ae 
1.3-diamines is best realized through the aminoketone oximes, and in this connection Ae catalytic reduction; 
of Ae oximes fails to gfve a better yield of the diamine than when sodium in alcohol is used for the reduction [13]. 
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To obtain the l-diethylainino-4-aniinobutane it proved most expedient to reduce the corresponding diethyl- 
anainobutyronitrile with hydrogen In the presence of nickel catalyst. 

The condensation of the diamines with 2-methoxy-7-nitto-6,9-dichloroactIdine was run in phenol 
medium by the generally accepted method [1, 10. 13], The nitro compounds were reduced wi& stannous 
chloride in aqueous- alcohol hydrochloric acid [1. 14], Catalytic reduction with hydrogen in the presence 
of nickel can also be successfully used here. We used the latter method to prepare large amounts of araino- 
acrlquine for an extensive study of its practical applications. The reduction is run at low teinperature, since 
under these conditions the chlorine contained in the substituted nitroacridlne molecule remains intact. 

Aminoacriquine and its analogs favorably differ from related compounds, not having the amino ^oup 
as substituent in the 7 position, in that their hydrochlorides are more stable in water solutions, while biolog - 
cally they show lower toxicity. This possesses essential importance for the preparation and practical utili- 
zation of these compounds. 

High antimalarial activity was shown experimentally (data of A. V. Stoyanova) by the aminoacriquine 

analogs-tL dihydrochlorides of 2-methoxy-6-chloro-7-amIno-9-(l-diethylamino-2-hydroxypropyl)-amino- 
acridine and of 2-methoxy-6-chloro-7-amino-9-(l-dIethylaminobutyl)-amInoactidine. The chemotherapeutic 

index for the last compound was determined to be 2.8. while for aminoacriquine it Is 1.78: the index for acti - 
quine is equal to 1.0. Making the aminoacriquine molecule either simpler or more complex, on the basis of 
changes made in other than the 9 position, leads to loss in antimalarial activity. Out synthesized 2-amino-9- 

(l-diethylamIno-4-methylbutyl)-aminoacridIne and 2,3-dlmethoxy-6-chloto-7-amino-9-(l-diethylamino-4- 
meifaylbutyl)-amInoactIdine proved to be inactive in the experimental treatment of avian malaria (A. V. 
Stoyanova). 

EXPERIMENTAL 

Nitration of 2-methoxy-6.9-dichlotactidine. A mixture of 3 ml of nitric acid (d 1.5) and 6 ml of 
sulfuric acid was added to a solution of 20 g of 2-methoxy-6,9-dichlotactidlne (m.p. 160-161°) [13] In 
120 ml of concentrated sulfuric acid at 25°. The mixture was stirred for 1.5 hours at 50° and after cooling, 
was poured on ice and neutralized with ammonia solution. The washed, dried nitration product (23 g) was 
dissolved with heating in 800 ml of dichloroethane. Upon cooling. 9 g of crystals (m.p. 225-228°) came 
down: a second crystallization from dichloroethane yielded 6.4 g (27<yo) of nitromethoxydichloroacrldlne 
crystals,. Yellow needles, m.p. 241-242° [10]; m.p. 272-273° for 4-nitro Isomer [14]. 

Found 'yo: .N 8.55: Cl 21.88. Cj4H803NjClj. Calcd. <7o: N 8.65; Cl 21.91. 


Diamines 

The following dialkylaminoaklylamines were prepared: 1.2- diethylaminoaminoethane from ethanol- 
amine [13]; ].3-diethylaminoaminoptopane from diethylaminopropyl chloride [13]; l-dlethylamino-2-hydroxy- 
3-aminoptopane from ethylene chlorohydrin [15]; l-diethylaraino-4-aminobutane by catalytic reduction of 
diethylaminobutyrcnitrile; l-dimethylainino-3-aminobutane by reduction of oxime of dimethylaniinobutan- 
one. 1.^’,-Diethylamiuoaminopentane was obtained from preparation of acriquine. 

l- Dimethylamino-3-aminobutane. The oxime of the amlnoketone was prepared by the method given 
previously for the diethylamino compound [13]; the oxime was a viscous, colorless liquid, b.p. 136-137° 

(38-40 mm). A solution of 35 g of the oxime in 100 ml of absolute ethyl acetate was reduced with hydrogen 
in an autoclave at 70-85° in presence of 6 g skeletal nickel catalyst. The initial hydrogen pressure was 
15 atm. From a solution in ethyl acetate, the diamine was extracted with 10% acetic acid; the solution of 
the diamine salt was evaporated down, the diamine was separated with solid alkali, dried by it and distilled. 
We collected 16 g (49.2%) of the fraction which boiled at 132-137° and contained 96.6%of diamine (djo 
0.8122, n|“. 1.4322). 

; i-Diethylamino-4-aminobutane. 166 g of y -diethylaminobutyronitrile [16], b.p. 93-94° (13 mm), 

410 ml of lEjVammonia solution and 15 g of a slurry of skeletal Ni catalyst were placed in an autoclave. 

The autoclave was filled with hydrogen until the pressure was 20 atm. The hydrogen was vigorously absorbed 
upon stirring at 90-105°. From time to tithe additional hydrogen was fed in. After absorption of hydrogen 
ceased, the reaction solution was cooled and filtered free of catalyst and the diamine was separated from the 
filtrate by dissolving solid caustic soda in the filtrate. The remaining diamine was steam -distilled from the 
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alkaline solution. The alkali-dried diamine was vacuum -distilled. Yield 135 g (80%) of l-diethylamino-4- 
aminobutane, boiling range 89-93° (27 mm) which was the main fraction. By acidomettic titration with 
methyl red as an indicator the content of l-deithylamino-4-aminobutane in this fraction was determined to 
be 98.9%.. 

2-Methoxy-6-chloro-7-nittoactidines with various substituents In the 9 position, were prepared by 
means of a general method; 2-methoxy-7-nitto-6,9-dichloracridine was heated with the diamine (small 
excess) in a phenolic medium at 100° for 2 hours. The reaction mass was then poured into a 10%. alkali 
solution; the nltroacrldine base was washed with 2%. alkali solution, with water, and crystallized from the 
solvent, (mainly, from dry acetone) (in certain cases water was added to the resulting solution). 

2-Methoxy-6-chloro-7-nitto-9-amInoacridine was prepared by the method that A. Albert recommended 
for the pteparatioit of 9-aminoactidIne [17.]. 

The prepared nitroacri dines ate described in Table 1, which shows that as the number of carbon, atoms 
in the “chain" increases at position 9, the melting point of the compound falls, the solubility in acetone 

TABLE 1 

9-Substituted 2-Medioxy-6-chloto-7-nittoactldines of General Formula 


R 



Substituents 

General formula 

Analysis (in %.) I 

1 Properties 



calculated N 

found N 


9-Amino-, 

CWH10O3N4CI 

13.83 

13.71 

Red crystals from nitro- 
benzene (1 : 200), m.p. 
298-300° 

9-6 -Diethylarainoethylamino- , 

Cg(,H230sN4Cl 

13.91 

14.20 

Bright red crystals from 
acetone (1 : 75), m.p. 
187-188° 

9 - y - Diethylaminopropylamino- , 

QiH2sOaN4Cl 

13.4 

13.27 

Dark red needles from 
acetone (1 : 20), m.p. 
150-151° 

9-y -Diethylamino-6 -hydroxy- 
propylamlno-. 

C8iHss04N4C1 

12.9 

13.0 

Red crystals from aeetonr 
(1:20), m.p. 145-146° 

9-y -Dimethylamino-a-methyl- 
propyl amino-. 

CjoH230sN4C1-H20 

13.a 

HjO 4.28 

12.91, 
HjO 4.49 

Fine red crystals from 
acetone (1 : 5), m.p. 
135-136° 

9-6 -Diethylaminobutylamino-, 

C23H3AN4CL-H80 

12.6, 

HjO 4.0 

12.59, 
H,0 4.8 

Dark red needles from 
acetone (1 : 25), m.p. 
133-134° 


increases and the formation of crystals becomes more difficult. The described nitroacridines form salts with 
acidsri.atare soluble in water. Even upon brief boiling of the aqueous solutions of the hydrochlorides of sub- 
stituted 7-nitroacridines, hydrolysis takes place and 2-methoxy-6-chloto-7-nittoacridine precipitates out. 


2-Methoxy-6-chloro-7 -aminoacridtnes with various substituents in the 9 position were prepared from 
nitro compounds described in Table 1 by reduction with stannous chloride and slight modifications of the 
prescription given for the preparation pf aminoacriquine [1]. The commerlcel aminoacriquine tose. this 
time. Immediately dissolved in acetone and from the filteyed solution .the hydrobhloride was obtained by 
acidification with a mixture (1 : 9) of concentrated hydrochloric add and acetone. For characterization c 
the base, it was obtained from the aqueous solution of the salt by addition of caustic soda solution. The 
prepared compounds are described in Table 2. 



TABLE 2 


9-Substituted 2-Methoxy-6-chloro-7-aminoactidines of General Formula 
R 



Substituents 

General formula 

Analysis (In ‘Jo) 
calculated j found 

Properties 

9-Amino- 

C14HBON3CII 

Cl 12.86 

Cl 12,89 

Yellow-brown powder from 

CHsOH + HgO, m.p. 250-252° 

Dihydrochloride 

CiiHsONsCl- 2HCi 

N 10.91 

N 10.84 

Yellow-orange powder, m.p. 

304-306° (decomp.) 

9 -6 -DIethylam inoethylamino - 

C20H23ON4CI 

N 15.0 

N 14.8 

Golden scales from acetone- 
water mixture, m.p. 190-191° 

Dihydrochloride 

C2|,H2gON4Cl- 2HC1 

Cl'15.9 

0=15.45 

Orange-yellow powder, m.p. 

240-242° (decorap.) 

9 - 7 - Diethylam inopropyl- 
amino- 

CjiH2jON4C1 

N 14.48 

N 14.41 

Yellow-green powder, m.p. 

145-146° 

Dihydrochloride 

C2jH2fON4CT 2HC1- 

CT 14.3, 

CT 14.15, 

Orange powder, m.p. 


•SHjO 

HjO 7.26 

H2O 8,07 

280-282° (decorap.) 

9-7 - Diethylam Ino -6 -hydroxy- 
propylamino- 

C2iH2AN4C1 

N 13.9 

N 13.75 

Yellow-green, fine crystalline 
powder, m.p. 136-137° 

Dihydrochlotlde 

C2iH2AN4C1-2HC1 

CT 13.18, 

CT 12.85, 

Orange powder, m.p. 


• 3 H 2 O 

HjO 10.18 

H2O 10.63 

272-274° (decomp.) 

9-y-Dimethylamino-ct-methyl- 

ptopylamino- 

CjoHs50N4C1 

N 15.0 

N 15.05 

Yellow powder, m.p. 'i 

160-162° 

Dihydrochloride 

C2oH250N4Cr 2HC1- 
•3H20 

CT 14.02, 
H2O 10.0 

CT 14,15, 
HjO 9.16 

Orange powder, m.p. 272-274° 

9-6 - Diethylam inobutylamlno- 

C23H2SOM4CI 

N 13.97 

N 13.99 

Yellow crystals, m.p. 118.5- 
119.5° 

Dihydtochloride 

C22H290N4C1- 2HC1- 

N 11.38, 

N 11.20, 

Orange-yellow needles, m.p. 


•HjO 

HjO 3.66 

HjO 3.49 

268-270° (decomp.) 


The hydrochlorides of the aminoacrlqulne analogs were readily soluble in hot water: in cold water they 
were soluble in the ratio 1 : 60-1 : 100 parts, i.e., slightly less than acriquine and aminoactiqulne (1 : 30). Aqueous 
solutions of amlnoacriqulne and its analogs remained transparent upon being heated (100°) for several hours; 
under these conditions, consequently, the compounds did not hydrolyze. 

2-Amino-9-(l-dletfaylamlno-4-methylbutyl)-aminoacrldine . The reaction of 2-nitto-9-chloroacrldine 
and l-diethylamino-4-amlnopentane in phenolic medium yielded 2-nitro-9-5 -diethylamlno-a-methylbutyl- 
aminoacridine as bright red cubes from ether, m.p. 80-81°. 

Found N 14.07; KfeO 4.2. C8|H|[,OiN4- HjO. Calcd. <7o; N 14.06; HjO 4.5. 

Reduction of the nitto compound yielded 2-amlno-9-(l-diethylamino-4-methylbutyl)-amlnoacridine, 
which was isolated as the hydrochloride, a yellow powder which was readily soluble in water, m.p. 165-168°. 

Found <7o: Cr 16.74 (potentiometrically). Cj|HsoN4- 2HC1. Calcd. %: CT 16,77, 

2,3-Di methoxy-6-chloro-7-amtno-9-(l-dlethylamlno-4-methylbutyl)-amtnoacrldine. » 3',4'-Dimethoxy- 
4-nitro-5-chlorodlphenylamlne-2-carboxylic acid was prepared by the general scheme from 2,4-dichloro-5-nitto- 
benzoic acid and 4-aminoveratro]e. The acid was in the form of dark yellow needles from alcohol, m.p. 240-242°. 

* Carried out with the participation of S. S. Kogan. 
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Found <70: N 7.78. Cit;.Hu04Ni2Cl. Calcd. C 7.94. 

2.3- Dimeihox y -6-chloio-7-nltro-9-chloroactidlne. It was prepared from the preceding acid and 
phosphorus oxychloride in the same manner as other similar compounds; yellow-green needles from dichloro- 
ethane, m.p. 240-241°. 

Found <7o: N 7.81. CjEHttO^NgCfe-. Calcd. <70: N 7.93. 

2.3- Dlmethoxy-6-chloro-7-iiltro-9-(l-dlefliylamitto-4-methylbutyl)-amlnoacridine. It was synthe- 
sized from the preceding dichloroacridine and l-dlethylamino-4-aralnopentane. Orange-red crystals from 
acetone, m.p. 94-95° 

Found <70: N 11.72. C24HS1O4N4CI. Calcd. N 11.79. 

2.3- Dimethoxy-6- chloro "7-amino-9-(l-diethylamino-4-meihylbutyl)-aminoacridine. It was pre- 
pared in the same manner as the other related compounds. The substance was Isolated in the form of the 
orange hydrochloride, readily soluble in water, m.p. 130-132°. 

Found '7o: N 10.81. C24HsgOsN4Cl • 2HC1. Calcd. N 10.86. 

Am inoactiquine » 

2,5 liters acetone, 500 g 2-methoxy-6-chloro-7-nItto-9-(l-diethylamino-4-methylbutyl)-amino- 
acridine (base 01 7-nIttoactiqulne [1]) and 125 g skeletal Ni catalyst In the form of a slurry were placed 
in an enameled autoclave. The ait was removed from the autoclave with nitrogen or hydrogen. Hydro- 
genation was carried out at a temperature of 22-26°. The introduction of hydrogen was from a cylinder at 
a pressure of up to 1 atm. The absorption of hydrogen (80-82 liters) was continued for 12-15 hours. The com- 
pletion of the reaction was judged by decrease in the hydrogen absorption. The reaction mass was filtered 
and the filtrate was transfered to an enameled boiler, externally cooled with ice water. When the temper- 
ature of the mass reached 4-5‘*i a mixture of conceMcated hydrochloric acid and acetone (1:9) was added 
through a dropping funnel with stirring until the pH was 6.0. 1300 ml of the above mixture was consumed. 

Aminoactiqulne was Isolated In the form of orange-red crystals which were washed with acetone 
(500 ml). The compound was dried first at room temperature and then at 60-80°. Yield of aminoacridine 
Cg3HsjON4Cl-2HGl»» 460 g (84<7i,), m.p. 259-260° (decomp.). 

The allowable moisture content of aminoacriquine that is prepared for practical use is Below 

are given the analytical data of separate series of synthesized aminoacriquine preparations. 

Found (recalculated on dry substance) °lif. N 11,3-11.5; Cl’ 14.3-14.5; Cl (total) 21.4-21.9. 
C28HsigN4Cl-2HGl. Calcd. <7o: N 11.48; Cl’ 14.54; Cl (total) 21.8. 

SUMMARY 

1. The properties shown by aminoacriquine and its analogs permit considering this series of acridine 
derivatives as possessing great Interest relative to studying their Inherent biological activity. 

2. A number of new acridine detiyalives, analogs of aminoacriquine, have been described. These 
new compounds wejce synthesized for the purpose of studying their biological activity. In comparison to amino- 
acriquine. 

3. In the last step for the synthesis of aminoacriquine and its analogs it is expedient to realize the 
catalytic reduction of the preceding nlfro rajmpounds with hydrogen In the presence of nickel, under mild 
conditions, where dehalogenation of the nitttxilotoacridiBLe cannot occur. 
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OXIDATIVE ACTION OF SOME ACYL PEROXIDES 
G. A. Razuvaev, L. V. Stupen and K. S. Minsker 


Recently a paper was published by Cooper [1] on the synthesis of peroxides from hydroxycyclohexyl hydro- 
peroxide and acid chlorides, for which the author gives the formulas: 



0 5 10 15 20 25 

Time(min) 

Fig. 1. Oxidative action of benzoyl (BP) and 
acetylbenzbyl (ABP) peroxides. 



0 10 20 ^ 6 ? 99 122 
Time (hours) 

Fig. 2. Oxidative action of hydroxycyclohexyl 
hydroperoxide derivatives. BCP~benzoyl deriv- 
ative; ACP— acetyl derivative. 


On the basis of the high amount of iodine evolved from HI the author expresses himself in favor of formula 
(I). Working with peroxides, we also analyzed them iodometrically. We prepared two peroxides-the acetyl 
derivative (ACP), with m.p. 71°. and the benzoyl derivative (BCP), with m.p. 80-80.5°. The peroxides were ob- 
tained by the Cooper method from twice recrystallized hydroperoxide with m.p. 79°. The determination made 
by us showed for BCP (R = CgHg), a 70.3% content of Form (I), but for ACP (R = CHj) the amount of peroxide 
(I) found was equal to 99.3%. 

In the iodometric determinations the exceedingly slow iodine liberation drew our interest. Operating in 
dichloroethane solution containing acetic acid, we compared the oxidative action of the peroxides ACP and BCP, 
and also of benzoyl (BP) and acetylbenzoyl (ABP) peroxides, the latter having m.p. 38°, on the reaction for the 
liberation of iodine from KI. For the last two peroxides the iodine liberation is completed in several minutes 
(Fig. 1), while with ACP and BCP a considerably longer time is required (Fig. 2). For these peroxides the iodine 
liberation rate can be satisfactorily expressed by the equation: y = . '^^ere ^ is the number of milliliters 

of 0.1 N NagSgOg solution required for the titration; x is the time of titration in minutes from the start of the 
reaction; and a and b are coefficients, different for ACP and BCP (for ACP at 22° a was found to be equal to 
49.2, and b was found to be equal to 0,0857). 

It is interesting to mention that despite the great difference in the rates of iodine liberation from KI, the 
peroxides ACP and BCP are powerful initiators for the polymerization of styrene [1]; they concede nothing to 


Sanitized Copy Approved for Release 2010/07/20 : CIA-RDP81-01043R000400050005-3 




ei±er BP or ABP in their strength of action. 

The difference in the rates of the oxidation and polymerization reactions should be explained as 
being due to a difference in their mechanism: the rate of the polymerization reaction is determined by 
the decomposition rate of the peroxides into radicals, while the oxidative action proceeds through an ionic 
mechanism, 

EXPERIMENTAL 

The recrystallized peroxide was dissolved in twice distilled dichloroethane. 10 ml of the peroxide 
solution, 3.5 ml chemically pure glacial acetic acid and 11 ml of KI solution in methanol were placed 
in a flask with a ground stopper. The methanol had been previously treated with activated charcoal and 
twice distilled. The mixture was kept in the dark and the iodine which formed was titrated with 0.1 N 
hyposulfite solution. Control samples were worked side by side. 

The analytical data are given in the table. 


Investigated compound 

Peroxide (in g) 

Solvent (in g) 

Time attaining equili- 

Found peroxide 




brium 

(in %) 

BP 

2.250 

447.77 

3 min. 

99.4 

ABP 

1.762 

398.09 

5 min. 

99.0 

ACP 

4.310 

1470.00 

99 hrs. 

99.3* 

BCP 

2.150 

429.70 

22 hrs. 

70.3» 


SUMMARY 

1. The oxidative action of BP, ABP, BCP and AGP on the rate of iodine liberation from Kl was in- 
vestigated. It was established that an exceedingly great difference exists in the oxidation rates of BP and 
ABP (3-5 minutes) and of BCP and ACP (20-100 hours), 

2. A mathematical equation was given to express the oxidation rate when BCP and ACP are used. 

3. The initiating action rate is completely independent of the oxidative action rate, which is explained 
by a different mechanism for the two processes. 

LITERATURE CITED 
[1] W. Cooper, J. Chera. Soc, 1951, 1340. 
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SYNTHESIS AND POLYMERIZATION OF THIOESTERS OF METHACRYLIC ACID 


M. M. Koton, T. M. Kiseleva and K, S. Podgorskaya 


Of the great number of acrylic and methacrylic acid derivatives that have been studied, there is hardly 
any Information on the sulfur containing derivatives of these acids. Only the thiodiglycol ester of dimethyl- 
acrylic acid has been described [1], and very brief mention [2] has also been made of the synthesis of acrylic 
acid thioesters as colorless liquids with unpleasant odor, and a strong tendency for polymerization. We were the 
first to synthesize the thioesters of methacrylic acid, starting from benzyl mercaptan and thiophenol. The thio- 
esters of methacrylic acid polymerize with great ease, even when stored at temperatures below 0°, to yield 
brittle colorless polymers with a disagreeable odor. 



Fig. 1. Polymerization of methacrylic acid esters. 

I) Benzyl ester; II) thiobenzyl ester; Hi) phenyl 
ester; IV) thlophenyl ester. 



Fig. 2, Polymerization of methacrylic acid 
esters at 70° in the presence of O.V^o benzoyl 
peroxide. 

I) Benzyl ester; II) thiobenzyl ester; III) phenyl 
ester; IV) thlophenyl ester. 


It seemed of interest to us to study the effect on the polymerization tendency of replacing the oxygen 
atom in the phenyl and benzyl esters of methacrylic acid by the sulfur atom. For this purpose we studied the 
polymerization of the four methacrylic acid esters: 

CH2=C(CH3)C0-0-CH2C6H5 (I), CI%=C(CH3)CO-S-CH2CeH5 (U). 

CI^=C(CH3)C0-O-CeH5 (III), CI%=C(CH3 )CO-S-CsH 5 (IV) 
at 90, 100 and 110° in the absence of initiators (Fig. 1), and at 70° in the presence of 0.1% benzoyl peroxide 
(Fig. 2). From Figs. 1 and 2 it follows that the benzyl and thiobenzyl esters of methacrylic acid polymerize 
with considerably greater ease than do the corresponding phenyl and thlophenyl esters; here benzyl methacrylate 
(I) polymerizes at a rate 1,5 times that shown by thiobenzyl methacrylate (U). 

A comparison of the phenyl and thlophenyl esters of methacrylic acid shows that in this case the replace- 
ment of the oxygen atom by sulfur leads to considerable enhancement in the polymerization ability:; on the 



average the thiophenyl methacrylate polymerizes 5 times more rapidly than does phenyl methacrylate (111). 

A study of the intrinsic viscosities [ t)] of the polymers shows that the phenyl methacrylate polymers 
possess the highest [i] ] value, and the thlobenzyl methacrylate polymers the lowest (cf. table). 


EXPERIMENTAL 

IS prepared by reacting thiophcnol with methacrylyl chloride in alkaline 


Thiophenyl methacrylate \ 
solution as per equation: 

CHj=C(CHj)COCl + CiHjSH + NaOH — CH2=C(CH3)CO-S-C,H5 + NaCl + HjO. 

10 g of thiophenol was dissolved in 100 ml of 5°!o caustic soda solution. 10.5 g of methacrylyl chloride 
was then added in the course of 30 minutes, drop-wise, with stirring and cooling (in ice) and the liquid was 
stirred for 1 hour more at room temperature. The reaction mass was extracted with ether, the ethereal solu- 
tion was washed with water until neutral reaction was obtained and then dried over anhydrous magnesium 
sulfate. After removal of ether, the residue was vacuum -distilled. Yield 8 g (56<7o) of thiophenyl methacry- 
late; a colorless transparent liquid with an unpleasant odor, b.p. 106-107° at 4 mm, 117° at 8 mm, n^ 1.5785, 
n*5 1.5774. 

Found %■. S 17,68. CioHi,OS. Calcd. % S 17.98. 

Phenyl methacrylate was synthesized similarly from methacrylyl chloride and phenol [3] in the form 
of colorless liquid, b.p. 80-82° at 4 mm, np 1.5163 (np 1.5156 [3]). 

^ — Thiobenzyl methacrylate was prepared similarly 

CO thiophenyl methacrylate. 10.5 g of methacrylyl chlo- 
ride was added to 12,5 g of benzylmercaptan, dissolved 
in 100 ml of 5% caustic soda solution and treatment was 
carried out as above. Yield 9.8 g (48%). Thiobenzyl 
methacrylate was a colorless uansparent liquid with an 
unpleasant odor, b.p. 119-120° at 4 mm, 130° at 6 mm, 
ng 1.5681. 

Found %: S 16.73. CuHbOS. Calcd. %: S 16.67. 

Benzyl methacrylate [3] was prepared similarly from benzyl alcohol and methacrylyl chloride; it was a 
colorless liquid, b.p. 104-106° at 6 mm, njJ 1,5143 (1.5140 [3]). 

A study of the polymerization of the above esters of methactylic acid was carried out in sealed glass 
ampoules, heated in an oil thermostat with precise regulation of temperature +0.2°, The monomers which 
were placed in ampoules were subjected to multiple freezings in dry ice and vacuum treatment in order to 
remove atmospheric oxygen. The yield of polymers was determined by a method involving precipitation 
with methanol from chloroform solutions. 

SUMMARY 

1. The previously unknown phenyl and benzyl thioestets of methacrylic acid were synthesized. 

2. It was shown that the phenyl and benzyl thioestets of methactylic acid are easily polymerized, both 
in the presence of benzoyl peroxide and in the absence of initiators. 

LITERATURE CITED 

[1] Monomers, Symposium No 2, 68 (1953). 

[2] W, Reppe, Ann., 582, 1 (1953). 

[3] L. Tong, W. Kenyon, J. Am. Chem. Soc., 68, 1355 (1946). 


Name 

100° 

110° 

Benzyl methacrylate 

1.31 

1 

0.96 

Thiobenzyl methacrylate 

0.14 

0.13 

Thiophenyl methacrylate 

j 1.46 

1.42 

Phenyl methacrylate 


1.80 
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HETEROCYCLIC COMPOUNDS 

35. CONDENSATION OF TETRAHYDRO-y-PYRONES AND TETRAHYDRO-y-THIOPYRONES WITH 
ORGANOMAGNESIUM AND-LITHIUM COMPOUNDS 

I. N. Nazarov and E. T, Golovin 


As is known, y -pipetidones ate easily reduced to secondary y-plperidols [1-3], but react very poorly as 
Grignatd reagents (alkylmagnesium halides and arylmagnesium halides) and In this connection give the cor- 
responding tertiary y -pipetidols only in very low yields. In order to run this reaction with satisfactory results 
it is necessary to use organolithium compounds, as was shown in previous papers from our laboratory and by other 
investigators [4, 5]. 

All of the tetrahydro-y.-thlopytanols known up to now have been obtained from tetrahydro-y-thiopyrones, 
either by reduction with aluminum isoptopylate [6] or by condensation with Grignatd reagents [6-9]. Tettahydto- 
y-pyranol has also been obtained by the hydrogenation of y -pyrone on Raney nickel catalyst [6]. 

It was communicated earlier that y -pipetidones, tetrahydro-y-thiopyrones and tetrahydro-y-pyrones in 
the presence of pulverized potassium hydroxide condense with acetylene and with vlnylacetylene, giving the 
corresponding heterocyclic acetylene and vlnylacetylene alcohols in high yields [7, 10-12]. 



X = NR.S,0. 


Heterocyclic vinyl alcohols ate obtained when acetylene alcohols ate selectively hydrogenated in the 
presence of palladium catalyst, while under exhaustive hydrogenation the corresponding ethylcatbinols were 
obtained. The latter were also obtained by the action of ethylmagnesium bromide on heterocyclic y -ketones, 
The vlnylacetylene alcohols were hydrogenated in the presence of either palladium or platinum catalyst to the 
corresponding butylcarbinols, which were also obtained by the action of butylmagnesium bromide on heterocyclic 
y -ketones. 

In 1950 an attempt was made to synthesize the esters of 4-phenyltettahydrothiopyran-4-ol [13], With- 
out doubt, die preparation of such compounds is of great interest, since they ate the sulfur analogs of the esters 
of 4-phenyl-4-pipetidols, showing, as is known, exclusively high analgesic activity [4, 5], 

For this purpose we condensed methylmagnesium iodide, phenylmagriesium bromide and phenyllithium 
with the following heterocyclic y -ketones; 2,5-dimethylteiiahydro-4-thIopyrone (I), 2.2-dimethyltetiahydto-4- 
thiopyrone (H) and 2,2-dimethylhydro-4-pyrone (III): 



The reaction of 2.5-dlnrethyltetiahydxo.4-tUopyrone (I) (trans-lsonrer) with f 
gave 2.rrdllthyl-4-phenyltetrahydrothiopyra„-4-ol (IV) in 41% yield, which was also obtained in 65% yreld 
by the action of phenyUithium on ketone (I). 







C.HaMyBr^ 

C,H,Li 


C,H. OH 



(IV) 


The oxidation of the obtained phenylthiopyranol (IV) with potassium permanganate in acetone solution 
in the presence of 10% sulfuric acid gave the corresponding sulfoxide (V) and two sulfone diastereoisomers of the 
trans- series (VI) and (VII): 


S 


A 


as . leinlt. He Kioii of ol*ei phenyto.gnoslum bromide or of plieiiylllUlom on tt>n!-2.5-dlmelhyl- 
„o.h,d.o.4.«lopy.on. (I) gl.e. • mB.u.e of bod, „.,.ol„„e.lc o.n.-d d.dlm.fl.,.-4-ph.ny.....hyd,od» 
pyian-4-ols, which we were able to separate as their crystalline sulfones (VI) and (VII). 

ae „aon of eld,., med,,lm.gn„i.m lodfd. or of 

Jydropyran-4-ol (X) (64% yield) and 3.2-dimethyl-4-phenyltetrahydropyran-4-ol (XI) (76% yield). 


1 

y\cHb 

(vno » = 


X 

V^CH. 


lyH., 


2,2-Dimethyl-4-phenyltetrahydrothiopyran-4-ol (IX) was quantitatively converted into the sulfone (XH) 
by oxidation with potassium permanganate in acetone solution in the presence of 10% sulfuric acid. 

In all cases the organomagnesium compound was taken in 20% excess of the amount required by theory. 

It should be mentioned that of the heterocycUc y -ketones taken for reaction the ^ 

respect to organometallic compounds proved to be 2.5.dimethyltetxahy<ko-4-thiopyrone (I) _ As can ^ee" 
from the experimental data, in its condensation with phenylmagnesium bromide a prolonged boiling (15 hours) 
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o! Cue iefioiioii miAtUfe is required to-.!’eMeve a 40% yield. of the correspo.uding alcohol, and even with 
phenyUithium the yield of the phenylthiopyranol (IV) fails to exceed 65%. At the same time its 2,2-dimethyl- 
substituted isomer (11) reacts with phenylmagnesium bromide, under 2-hout boiling of the reaction mixture, 
to give the corresponding alcohol in 68% yield, while the 2,2-dimethyltetrahydro-4-pyrone (III) reacts with 
phenylmagnesium bromide even at room temperature and gives the corresponding phenylcarbinol (XI) in 
76% yield. 

The heterocyclic y -alcohols obtained by us can be vacuum-distilled without decomposition and 
are stable to storage. 2,5-Dimethyl-4-phenyltetrahydrothlopyran-4-ol (IV) and 2,2,4-trImethyltetrahydto- 
pyian-4 ol (X) represent extremely viscous liquids. 2.2-Dlmethyl-4-phenyltettahydiothiopyran-4-ol (IX), 
2,2-dimethyl-4-p.henyltettahydropyran-4-ol (XI) and 2,2,4- triraethyltetrahydrothiopytan-4-ol (VIII) ate 
crystalline substances. 

'The sulfoxide (V) and the sulfones (VI, VII and XII) are completely odorless crystalline substances. 

All of the described y -alcohols, and also the sulfoxide and sulfones of the phenylthiopyranols, are 
insoluble in water. For this reason we were not interested in preparing the esters of these alcohols, since 
they cannot be subjected to pharmacological testing. 

EXPERIMENTAL 

2 ,5- Dimemyl-4-phenyltetrahydrothiopyran-4-ol (IV), a) A solution was made up in a 3-necked 
flask fitted with stirrer, reflux condenser with calcium chloride tube and dropping funnel of 1,5 g of magne- 
s'. nn hlrngsand 9.5 g of bromobenzene in 20 mi of absolute ether. A solution of 7 g of 2,5-dimethyltetra- 
hydio-4-th.iopyrone (I) (trans-isomer, m.p. 71°) in 25 ml of absolute ether was then added drop-wise with 
continual stirring and ice-water cooling to the above solution. The reaction mixture was stirred for 1 hour 
at room temperature and for 15 hours at the boiling point of ether. The magnesium alcoholate which formed 
upon ice water cooling was decomposed with dilute hydrochloric acid (1 ; 1) until complete solution of the 
precipitate. The ethereal layer was separated and the aqueous layer was extracted with ether. The com- 
bined ethereal extracts were dried over sodium sulfate. The ether was driven off and the residue was vacuum- 
distilled. v ield 4 g (37%) of 2,5-dImethyl-4-phenyltettahydrothiopyran-4-ol (IV) in the form of viscous 
liquid with the odor of the thlo compound, b.p. 123-124° (2 ram). 

Found %: C 70.56, 70.57; H 8.23 , 8.23; S 14.22, 14.09. CisHigOS. Calculated %; C 70.30: H 8.11; 

S 14.4U, 

4.2 g of initial thiopyrone (I). b.p. 58-62° (3 mm) was returned, crystallizing in the receiver. After 
recrystallization from alcohol, it had m.p. 67-69°. 

b) A solution of 7 g of 2,5-dimethyltetrahydro-4-thiopytone (I) in 25 ml of absolute ether was added 
drop -wise with constant stirring and Ice-water cooling to a solution of phenylmagnesium bromide, which 
was prepared from 1.5 g of magnesium and 9.5 g of bromobenzene in 25 ml of absolute ether. The reaction 
mass was stirred for 1 hour at room temperature and 20 hours while the ether boiled and then it was decom- 
posed with 15% hydrochloric acid upon cooling and treated in the same manner as above. Vacuum-distil- 
lation yielded 4.4 g (41%) 2,5-dimethyl-4-phenyltettahydrothiopyran-4-ol (IV), b.p. 123-124° (2 mm). 

3.1 g of initial thiopyrone (I), b.p. 55-56° (2.5 ram) was returned unreacted. 1 g of resinous residue remained 
alter distillation. 

c) 15 ml of absolute ether and 1 g of fine lithium filings were placed in a 3-necked flask fitted 
with mercury-sealed stirrer, dropping funnel, nitrogen lead tube and reflux condenser with calcium chloride 
tube. A solution of 12 g of bromobenzene in 15 ml of absolute ether was added drop-wise with stirring to the 
above mixture and then 45 ml more of absolute ether was added. The reaction was carried out in a dry 
nitrogen atmosphere until complete solution of the lithium (boiling in the course of 1.5 hours). 7 g of 
2,5-dimethyltetrahydro-4-thiopyrone (I), dissolved in 25 ml of absolute ether was added drop-wise in the course 
course of 2 hours with cooling (-10°) of the flask with an ice-salt mixture to the above prepared phenyUithium. 
The next day the reaction mixture was heated for 3 hours while the ether boiled evenly. Upon cooling with 
ice water, the reaction product was hydrolyzed with 50 ml of water. The ethereal layer was separated and 

the aqueous layer was extracted with ether. The combined ethereal extracts were dried with sodium sulfate 
and vacuum -distilled. Yield 7 g (65%) of 2,5-dimethyl-4-phenyltetrahydrothiopyran-4-ol (IV), b.p. 122-123° 
(1.7 mm ) and 1 g of initial thiopyrone (I), b.p. 55-57° (2 mm). 
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Sulfoxide of 2,5-dimethyl -4-phenyltetrahydrothiopyran-4-ol (V). 6.5 ml of 10% sulfuric acid was 
added wlthstlning and water cooling to a solution of 2 g of 2,5-diniethyl-4-pheny!tetrahydrothiopyran-4-ol 

(IV) (b.p. 123-124° [2 mm]) in 40 ml of acetone and to this was added 2 g of crystalline potassium pcrmanga- f 

nate in small portions. Oxidation was complete in 2 hours. Manganese dioxide which formed was filtered 
off and washed on a filter with hot water. The combined filtrate and wash waters were extracted with ether. 

The ethereal extracts were dried with potash. After the ether was driven off. the residue crystallized. Upon 
boiling with benzene, the greater portion of the crystals dissolved but the residue could not be completely 
dissolved by prolonged boiling in a new portion of benzene. The undissolved residue was twice recrystallized 
from alcohol to yield 0.5 g of the sulfoxide of 2,5-dimethyl-4-phenyltetrahydrothiopyran-4-ol (V) in the 
form of fine crystals, m.p. 231-232°, readily soluble in methanol, acetone, chloroform and moderately solu- 
ble in alcohol, ether, dloxane, very sparingly soluble in benzene; it was insoluble in water, gasoline and 
carbon tetrachloride. 

Found C 65.39, 65.54; H 7.66, 7.67; S 13.46, 13.49. CijHigOjS. Calcd. %: C 65.54; H 7.62; 

S 13.46. 

Upon evaporating down the benzene solution, 1 g of friable precipitate came down which melted 
at 150-161°. Analysis showed it to be a mixture of sulfoxide and sulfone of 2,5-dimethyl-4-phenyltetta- 
hydrothiopytan-4-ol. 

Found %: G 63.16, 63.09; H 7.49. 7.56; S 13.10, 12.81. 

Sulfones of 2,5-dimethyl-4-phenylteaahydtothiopyran-4-ol (VI) and (VIII). 13 ml of 10% sulfuric 
acid and 6 g of crystalline potassium permanganate in small portions were added gradually with water cooling 
and stirring to a solution of 4 g of 2,5-dimethyl-4-phenyltettahydtothiopyran-4-ol (IV) (b.p. 123-124° at 
2 mm) in 80 ml of acetone. Oxidation was complete in 2 hours. The manganese dioxide which formed was 
filtered off and washed on a filter with hot water. Upon standing, a voluminous precipitate (3.8 g) came 
down from the filtrate and almost completely dissolved in hot benzene. Upon partial evaporation of the 
benzene solution, a friable precipitate again came down. 5-fold fraction crystallization of the precipitate 
from a benzene-gasoline mixture yielded 1.1 g of the sulfone of 2,5-dimethyl-4-phenyltettahydrothiopyran-4- 
ol. m.p. 163-164°. 

Found %: C 61.90, 61.72; H 7.24, 7.27; S 12.59, 12.59. CjjHigOjS. Calcd. %: C 61.40; H 7.09; 

S 12.63. 

We Isolated also 0.6 g of the second diasterioisomeric sulfone of 2,5-dimethyl-4-phenyltettahydro- 
thiopytan-4-ol, m.p. 170-170.5°. 

Found %; C 61.74, 61.60; H 7,19, 7,15; S 12,92, 12.80 . CisHigOgS. Calcd. %; C 61.40; H 7.09; S 12.63. 

A test mixture of the above diasterioisomers melted at 159-168°. 

Both of the isomeric sulfones were reasily soluble in methanol, alcohol, acetone, ether, dioxane, ethyl 
acetate, chloroform, benzene, difficulty soluble in carbon tetrachloride; they were insoluble in water and 
in gasoline. 

About 2 g of an unseparated mixture of the above described steteoisomeric sulfones (VI) and (VII) 
remained in the mother liquor.s. 

2,2-DimethyI-4-phenyltetrahydrothiopyran-4-ol (IX). A solution of 11.5 g of 2,2-dimethyltetrahydto- 
4-thiopyrone(TI)(b. p. 77-79° at 10 mm, n^ 1.4965) in 15 ml of absolute ether was added drop-wise with 
stirring and ice-water cooling to a solution of phenylmagnesium bromide, prepared from 2.3 g of magnesium 
and 15 g of bromobenzene in 35 ml of absolute ether. The reaction mixture was stirred for 1 hour at room 
temperature and then boiled for 2 hours. The mixture, cooled with ice water, was hydrolyzed with 15% 
hydrochloric acid. The ethereal layer was separated and the aqueous layer was extracted with ether. The 
combined ethereal extracts were dried with sodium sulfate. After the ether was driven off, the residue was 
vacuum -distilled; yield 12 g (68%) of 2,2-dimethyl-4-phenyltettahydtothiopyTan-4-ol (IX) in the form of 
very viscous liquid with the odor of the thio compound, b.p. 119-120° (2 mm). 

Found %: C 70.38, 70.55; H 8.08, 8.12; S 14.12, 14.18. CmHijOS. Calcd. %: C 70.30; H 8.11; 

S 14.40. 
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Upon standing, the product partially crystallized. The crystals were sep-aratcd from the liquid portion 
I and recrystallized from methanol. Yield 2 g of crystalline phenylthiopyranol (IX) in the form of colorless 

tine crystals, m.p. 69-70°, readily soluble in alcohol, acetone, ester, dioxane, chloroform, carbon tetrachloride, 
gasoline, benzene and in hot methanol; insoluble m water. Besides phenylthiopyranol (IX), distillation yielded 
3 g of initial thiopytone (II), b.p. 52-54° (2 mm). Resinous residue 1 g. 

S ulfone of 2,2-dimethyl- 4-ph e.T.ylletrahydto thi opyran-4- o l (Xll ). a) 2 ml of 10% sulfuric acid and 1 g 
of crystalline potassium permanganate solution were gradually added with water cooling and stirring to a 
solution of 0.5 g of crystalline 2,2-dimethyl-4-phenyltetrahydrothiopyran-4-ol (IX) (m.p. 69-70°) in 10 ml 
of acetone. O.xidation was complete in 2 hours. The manganese dioxide which formed was filtered off and 
w'ashed with hot water on a filter. The combined filtrate and wash waters were extracted with ether and 
the ethereal extracts were dried with potash. After the ether was driven off, we obtained 0.5 g of crystals 
of the sulfone of 2,2-dimethyl-4-phenyltetrahydtothiopyran-4-ol (XII), m.p. 180-181° (from methanol). 

Found %; C 61,55, 61,51; H 7.22, 7,14; S 12.99, 13,08. C'tsHjgOsS. Calcd. %: C 61,40; H 7.09; 

S 12.63, 

Sulfone (XII) was readily soluble in acetone, in hot methanol,, alcohol, dioxane, chloroform and 
benzene; it was insoluble in water, gasoline and carbon tetrachloride. 

b) 10 ml of 10% sulfuric acid and 4 g of crystalline potassium permanganate were gradually added 
with stirring and water cooling to 3 g of the liquid portion of 2,2-diroethyl-4-phenyltetrahydrothiopyran-4-ol 
(.:X) (b.p 119-120° at 2 mm), dissolved in 60 ml of acetone. After 2 hours of standing, the treatment was 
the same as in the preceding experiment. From the ethereal extract we isolated 2.4 g of solfone (XII), which 
j after .tecrysiallization from methanol, melted at 180-181° and proved identical to the sulfone, which was 

prepared in the preceding experiment. A test mixture of the two melted at the same temperature as the in- 
dividual samples, 

^ ' 2,2 Dimefhyl-4-phenyltetrahydropyran-4-ol (XI), A solution of 6.4 g of 2,2-dimethyltetrahydro-4- 

pyione (j;I) (b.p. 77-79° at 30 mm) in 10 ml of absolute ether was added drop-wise with stirring and ice-water 
cooling to a solution of phenylmagnesium bioraide, prepared from 1.5 g of magnesium and 9.5 g of bromo- 
benzene rn 20 ml of absolute ether. The reaction mixture was stirred for 2 hours at room temperature. Upon 
cooling with ice water, the reaction product was hydrolyzed with 15% hydrochloric acid. The ethereal layer 
was separated and the aqueous layer was extracted with ether. The combined ethereal extracts were dried 
with sodium sulfate. After driving off the ether, the residue almost completely crystallized. The crystals 
were separated from the liquid piotion and recrystallized from gasoline. Yield 6.6 g 2.2-dtnietliyM-phenyl- 
relia'hyd.ropyt.an-4-ol (.XI), m.p. 122,5-123°. Vacuum-distillation of the liquid portion yielded 1 g of initial 
pyrone (HI), b.p. 48-51' (2.5 mm) and 1,2 g of phenylpyranol (XI), b.p. 104-105° (2.5mm), which crystallized 
in the leceivei and after lecrystallization from gasoline had m.p. 122-123°. After distillation, the resinous 
lesidue weighed 0.5 g. The total yield of product (XI) was 7.8 g (76%). 

2,2-Dimethyl-4-phenyltetrahydropyran-4-ol (XI) was in the form of colorless lustrous crystals, readily 
soluble in methanol, alcohol, acetone, ether, dioxane, chloroform, benzene, in hot gasoline and carbon 
tetrachloride insoluble in water. 

Found %; C 75.76, 75.89; H 8.89, 8.96, CjgHigOg. Calcd. %; C 75.75; H 8.74. 

2,2 .4-Trimethyltetra hydrothiopy ran-4-ol (VIII). A solution of 4.5 g of 2,2-dimethyltetrahydro-4- 
tniopyrone (II) (b.p, 77-79° at io mni) in 7 ml of absolute ether was added drop-wise with ice-water cooling 
and stirring to a solution of methylmagnesium iodide, prepared from 1 g of magnesium and 6 g of methyl 
iodide in 10 ml of absolute ether. The reaction mixture was stirred for 2 hours while the ether boiled and 
men, upon ice-water cooling, it was treated with 15 % hydrochloric acid. The ethereal layer was separated 
and the aqueous layer was extracted with ether. Tbe combined ethereal extracts were shaken with sodlurri 
» bisulfite solution to remove the iodide and then dried with sodium sulfate. After driving off the ether, the 

residue completely crystallized. Yield 3 g (60%) 2,2,4- ttimethyltetrahydrothiopyran-4-ol (VIII), m.p. 

82-83° (from petroleum ether). 

H, Found %: C 60.21, 60.02; H 10.13, 10.04; S 19.90, 20.20. CjHijOS. Calcd, %; C 59.94; H 10.06; 

S 20.00, 
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I'hiopyranol (Viil) was in me form of colorless crystals with the odor of the thio compound, readily 
soluble in methanol, alcohol, acetone, dioxane, ethyl acetate, benzene, chloroform, carbon tetrachloride 
and in boiling petroleum ether, difficultly soluble in gasoline and completely insoluble in water. 

2,2,4- Ttlmethyltetrahydropytan-4-ol (X). A solution of 6.4 g of 2,2-dimethyltettahydto-4-pyrone 
(III) (b.p. 77-79° at 30 mm) in 10 ml of absolute ether was added drop-wise with stirring and ice-water 
cooling to a solution of methylmagnesium iodide, prepared from 1.5 g of magnesium and 9 g of methyl 
iodide in 15 ml of absolute ether. The reaction mass was stirred 1 hour at room temperature and 1 hour 
at the boiling point of ether and then, upon ice-water cooling, it was decomposed with 15 °]o hydrochloric 
acid. The ethereal layer was separated and the aqueous layer was extracted with ether. The combined 
ethereal extracts were shaken with sodium bisulfite solution to remove iodine and dried with sodium sulfate. 
After the ether was driven off, the residue was vacuum -distilled. Yield 4.6 g (64<7o) of 2,2,4-ttimethyltetra- 
hydtopytan-4-ol (X) in the form of a viscous liquid, b.p. 56-58° (1 mm), n*^ 1.4569. 

Found C 67. 17. 66.95; H 11.77, 11.17, CjHiA- Calcd. C 66.62; H 11.18. 

SUMMARY 

Five tertiary heterocyclic y -alcohols of the tetrahydropyrane and tetrahydrothiopyrane series 
(IV, VIII, IX, X and XI) were synthesized by the reaction of either organolithium of organomagnesium 
compounds with the corresponding heterocyclic y -ketones. 

As oxidation products of phenylthiopyranols (IV) and (IX) we obtained the sulfoxide (V), the two 
diastereoisomeric sulfones (VI) and (VII), and the sulfone (XII). 
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HETEROCYCLIC COMPOUNDS 


36. THE MANNICH REACTION WITH HETEROCYCLIC KETONES (y-PIPERIDONES’, TETRAHYDRO-y -PYRONES 
AND TETRAHYDRO-y -THIOPYRONES) 

I. N. Nazarov and E. T. Golovin 


Using the aminomethylation reaction, known as the Mannich reaction [1], it is easy to obtain various 
6 -substituted aminoketones. There is nothing in the literature on running the aminomethylation reaction with 
heterocyclic ketones of either the piperidine, tetrahydropyrane or tetrahydrothiopyrane series. It seemed possible 
to us to study the application of this reaction to the different heterocyclic y -ketones at our disposal, the prepara- 
tion of which by simple and general methods was worked out in our laboratory [2-5]. 

In the present paper we describe the aminomethylation of the following heterocyclic y -ketones, obtained 
on the basis ofthe technically available dimethylvinylethynylcarbinol (I): l,2.5-ttimeihyl-4-plperidone (II), 
2.5-dimethyltetrahydro-4-thiopytone (III), 2,2-dlmethyltetrahydro-4-thiopytone (IV) and 2,2-dlmethyltetrahy- 
dro-4-pyrone (V): 


/\ 

CHCH 

yCHo » II II 

\rH CHa C- 




/\ 

H. O CHs— C CH 
CHa CH 
' CHa 


•CHa 

CHa 


CHa-pi 

'\>CHa 


For running the aminomethylation reaction we used dimethylamine hydrochloride and 30 <^0 aqueous 
formaldehyde solution. 

The reaction for the aminomethylation of the above indicated heterocyclic y -ketones with participation 
of dimethylamine and formaldehyde can be shown in general form by the following schemes: 


L^Lch, 


H.o,(CH.)jiH CHa-ZyCHaNfCHala. 

I J— CH, 
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/\-CH2N(CH,)2. 
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The amlnomethylation of 1.2.5-triniethyl-4-pipendone (11) gives 
methyl)-^-piperidone (VI) in 46. H'yo yield; here di-(1.2.5-trlmethyl-3-dimethylaniinoniethyl-4-keto-5-pipe idyl) 
methane (VII) was isolated as by-product. The latter, under conditions favorable for its formation, was obtained 
in up to Zl<1o yield. When this reaction was run with a large excess of formaldehyde (twice the theoretical 
amount) the main reaction product proved to be l,2,5-ttimethyl-3-(dimethylaminomethyl)-5-methylol-4-piperid- 

one (VIII), obtained in 21‘5!, yield: 


in. 



HOCH, 

CH, 



(CHO, 


CH, 

(vni) 


When dimethylamine and formaldehyde are reacted with either 2,5-dimethyltetiahydro-4-thiopyrone (III, 
trans-isomer), 2,2-dimethyltetrahydro-4-thlopyrone (IV) or 2,2-dlmethyltetrahydro-4-pyrone (V) the correspond- 
ing dimethylaminomethyl derivatives are obtained: 2,5 -dimethyl-3 -(dime±ylaminomethyl)-tettahydrothiopyran- 
4-one (IX) (61. yield), 2,2-dimethyl-5-(dlmethylaminomethyl)-tetiahydrothiopyran-4-one (X) (65<7o yield) and 
2,2-dlmethyl-5-(dimethylaminome±yl)-tetrahydropyran-4-one (XI) (60.5'7o yield): 


CH3-/\ CH2N(CH3)2 (CH3)2NCHj 


, I 
\/ 


•CHg 


o 


CH3 


Y^CHa 


The oxidation under mild conditions of 2,2-dimethyl-5-(dimethylaminomethyl)-tetrahydro-4-thiopyTone 
(X) hydrochloride, dissolved in glacial acetic acid, with 28<i!. hydrogen peroxide gave the corresponding sulfoxide 
(XU), which was isolated as the hydrochloride. Attempts to obtain the sulfones of thiopytones (K) and (X) re- 
mained unsuccessful, since in the oxidation of their hydrochlorides with either potassium permanganate in the cold 
or with 2870 hydrogen peroxide in acetic acid under short heating these poorly stable compounds suffer decomposi- 
tion with cleavage of the 6 -amino group. 


(CHalaNCHa 
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For successful amlnomethylation of l,2,5-trime.tb,yl-4-piperidone (II) by the Mannich reaction it is 
necessary to cool the reaction mixture, since here the piperidone reacts very vigorously (with heat evolution) 
with formaldehyde and secondary amines. In the opposite case, even at room temperature, secondary react- 
ions begin to predominate, lov^ering the yield of the desired product (Vi), and here compound (VII) is ob- 
tained as the main product. On the other hand, with sulfur- or oxygen-containing heterocyclic y -ketones 
(ji l, JV and V) the Mannich reaction fails to go at all at room temperature and requires heating on the water 
bath for its completion, it should be mentioned that the duration of heating the reaction mixture noticeably 
affects the yield of the aminomethylated product and in each individual case should be made as short as 
possible. If this is not done the yield of aminomethylated ketone is lowered due to secondary reactions, 
proceeding with the formation of a number of products, among which di-(2,2-dimethyl-4-ketotetrahydro-l- 
-thio~5-pytanyl) -dimethyl ether (XIII) was isolated in me Mannich reaction with thiopyrone (IV). 

The heterocyclic B-aminoketones (VI, I.X, X and XI) obtained by us represent colorless liquids, capable 
of being vacuum- distilled without decomposition, but ■which cannot be stored for a long time without suffering 
change. The changes, taking place during their storage, lead to an elevation and "spreading" of the boiling 
point. Similar behavior on the part of 6-aminoketones has also been repeatedly observed earlier for other 
examples [6, 7, etc,]. The salts of these S • amlnoketones ate completely stable. To characterize all of the 
S - aminokecones synthesized by us, we prepared their crystalline pictate and hydrochloride derivatives. 

In view of the presence of asymmetric carbon atoms, 0 -am inoke tones (VI) and IX) should represent 
a mixture of diasiereoisomets. However, when we prepared their crystalline derivatives, only one stereo- 
isomeric form was isolated in both cases, which, apparently, is present in predominant amount. Analagous 
facts have also been observed in many other cases [7, 8, etc.]. 

The heterocyclic 6-aminoketones described by us possess undoubted interest as intermediates for the 
synmesis of new physiologically active substances of diverse action. In the pharmacological testing of their 
hydrochlorides the 6-aminoketones themselves showed low activity and low toxicity. The properties studied 
were general action and toxicity, pain- killing and anesthetic action, and the influence on the elements of the 
vegetative nervous system, on smooth and cross-striated musculature. 

EXPERIMENTAL 

l ,2,5-Trlmethyl-3-(dlmethylaminomethyl)-4-piperidone (VI). a) 14 g of l,2,5-trimethyl-4-pipetidone 
(H) (b.p. 68-70° at 9 mm, np 1.4604), was placed in a 3-necked flask fitted with stirrer, reflux condenser and 
dropping funnel and a solution of 9 g of dimethylamine hydrochloride in 10 g of 307o aqueous formaldehyde 
solution was added drop -wise with stirring and Ice- water cooling to the flask. The homogeneous reaction 
mixtuie was stirred for 5 hours at room temperature. Upon cooling and in the presence of ether, the aqueous 
solution was then saturated with solid caustic soda and extracted three more times with ether. After passage 
of carton dioxide gas until the solution clouded, the combined ethereal extracts were dried with sodium 
sulfate. The ether was driven off and 2-fold vacuum -distillation yielded 9.2 g (46.57o) l,2,5-ttimethyl-3- 
■(dimethylaminomefhyl)-4-piperidone (VI) in the form of colorless liquid with an amine odor, b.p. 84-85° 

(4 mm), np 1.4758, dl” 0.9552, MRp 58.63; calcd. 58.69, 

Found %: N 14.20, 14.30. CuHjaONj. Calcd. Tx N 14.13. 

Besides this, we obtained 3.2 g (167o) di-(l,2,5-trimethyl-3-dimethylamlnomethyl-4-keto-5-piperidyl)- 
- methane (VK) b.p. 170-17T (3 mm) np 1.5005. We also obtained 2.6 g of initial unreacted piperidone (II), 
b.p. 54-58° (4 mm), np 1.4605. The intermediate fraction, 0.7 g, b.p. 73-81° (4 mm), np 1.4713 partially 
crystallized. The crystals were separated and recrystallized from acetone, m.p. 237-238.5° (with sublimation). 
Found 7o: N 37.30, 37,22. This nitrogen-rich compound was not investigated further. After distillation, there 
was 2,5 g resinous residue. 

Dihydrochloride of 1 ,2, 5- trimethyl-3- (dimethylamlnomethyl)-4- piperidone (VI) was prepared by 
passage of dry hydrogen chloride until saturation into a solution of the base in absolute ether. The resulting 
precipitate was separated, washed on a filter with absolute ether and recrystallized from anhydrous alcohol. 

Fine white crystals, m.p. 151°, readily soluble in water, methanol and in hot alcohol ;insoluble in acetone. 


Found N 9.79, 9.81; Cl 25.72, 25.95. CjjHgPNgClj. Calcd. <Ja N 10.33; Cl 26.15. 



Plctate of amlnoketone (VI) melted at 95-96° (fiom alcohol). 


Found 'To: N 16.39, 16.09. C^HgANs. Calcd. N 16.39. 
b) 14 B of l,2,5-Oln,e*,l-4.pl,.,.d«no (II) ..d 9 g of dln...h,l.mto 
in . fu.k. 10 B of SOU onoeoo. formadohyde wa. added d»p-»lie J „ 

the reaction flask Stirring was then continued at room temperature for 5 hours, 
treated as in the preceding experiment. After the ether was driven off. the reaction products^ 
vacuum -distilled. 1st fraction, b.p. 48-62° (3.5 mm), ng 1-4618. 2.6 g; 2nd fractio , .p. ^ 

Ig 1.4754, 8.9 g, 3rd fraction, b.p. 169-171° (3 mm), ng 1.5008. 1 8 g. The 

(I?). The 2nd fraction was amlnoketone (VI) (yield 45<?<,). The 3rd fraction was dtplperidylmethane (VII) 


c) 17 g of l,2.5-trimethyl-4-plperidone (II) and 12.5 g of dimethylamine ^yd-chlori^de were pUced 
In a flask 15 a of 30<7o formalin was added drop-wise with stirring and (ice-salt mixture ) cooling (-10 ) 

1st. b.p. 50-65° (4 mm), ng 1.4623 , 2.5 gt 2nd. b.p. 84-86° (4 mm), ng 1.47 5. 11 

ng 1.5006. 2.4 g. The 1st fraction was initial piperidone (II). The 2nd fraction was amlnoketone ( , I) (yi 
The 3rd fraction was dipiperidylraethane (VII). 


d) A solution of 9 g dimethylamine hydrochloride in 10 g of formalin was added drop-wise with 
stirring to a flask containing 42 g of 1.2.5 -trimethyl-4-piperidone (II); a slight evolution of heat was noticed 

Th. iclop m... ... fo, 5 ho.. .. .... ..4 ““i'” ' 

vacuum -distillations yielded 27 g of initial piperidone (II). b.p. 50-51 (4 mm), np 1-4602, 1 S 
ketone (VI), b.p. 83-85° (3.5 mm), ng 1.4746 (yield based on reacted piperidone was 65^5% and 4 g of di- 
piperidylmethL (VII). b.p. 164-166° (2 mm), ng 1.5008 (yield 19%. There was 3 g of resinous residue 
after distillation 


After short storage, l,2,5-trimethyl-3-(dimethylaminomethyl)-4-pipetidone (VI), upon distillation 
yielded higher-boiling fractions with similarrefractive indices and resinous products. Thus, after 10 days of 
standing, fractionation of 33.5 g of product, initial b.p. 84-85° (4 mm) yielded the following fractions: 

1st. b.p. 84-85° (4mm). ng 1.4722. 6.6 g; 2nd. b.p. 86-89° (4 mm). ng 1.4723, 4 5 3rd b.p. 90-91 
(4 ram), ng 1.4748, 8.2 g; 4th, b.p. 92-94° (4 mm). ng 1.4763, 6.5 g; 5th, b.p. 98-101 (4 mm), n^ 1.4814, 
4,3 g; 6th, b.p. 171-173° (4 mm), ng 1.4936, 1.2 g; resinous residue 2 g. 


1 2 5-Trimethvl-3-(dime thylamlnomethyl)-5-methylol-4-piperldone (VIII). 9 g of dimethylamine 

hydrochlor/de and 30 g of 30% formalin were placed in a flask. 14 g of 1.2.6-tru^thyl-l-piperidone (II) was 
added drop-wise with stirring to the flask and a slight evolution of heat was observed. Stirring was continued 
for 5 hours The reaction mixture was then acidified with hydiochloric acid and treated with ether to remove 
the neutral products. The aqueous solution was neutralized with soda and saturated upon cooling, in the 
presence of ether with solid caustic soda. The free base was extracted with multiple ether extractions and 
after passage of a stream of carbon dioxide, was dried with sodium sulfate. Vacuum -fractionation of the 
reaction products yielded the following fractions: 1st, b.p. 83-86° (3.5 mm), np 1.4795, 1,6 g: 2nd, b.p. 
94-98° (3.5 mm), ng 1.4845, 4.7 g; 3td, b.p. 169-171° (3.5 mm), ng 1.5028. 3.2 g;, resinous residue 4.5 g. 
The 2nd fraction was l,2,5-trimethyl-3-(dImethylamInomethyl)-5-methylol-4-piperidone (VIII), a colorless 

liquid with an amine odor, yellowish upon standing (yield 21<yo): ng 1.4845, 64 1.0127, MRd 64.56; calcd. 
64.83. 


Found % N 12.28. 12.30. Cj8Hj402N2. Calculated "/o: N 12.27. 

Picrate of piperidone (VIII) after recrystallization from alcohol- acetone mixture had m.p. 112-113°. 
Found N 14.91, 15.11. CjsHj/OjNg. Calcd. ’’jo: N 15.31. 

Dl-(l,2,5 -trlmethyl-3-dlmethylamlnomethyl-4-keto-5-plperidyl)-methane (VII) . 14 g of 1,2,5-tti- 

methyl-4-plperldone (II), 8 g of dimethylamine hydrochloride and 10 g of OO'yo formalin were placed in a 
flask. An exothermic reaction started at once and was complete after 15 minutes. The reaction mixture was 
stirred at room temperature for 10 hours. The aqueous solution was treated with solid caustic soda; free base 
was repeatedly washed with ether, dried with sodium sulfate. After driving off the ether, the residue was 
vacuum -distilled; yield 4.1 g (21<7o) amlnoketone (VI). b.p. 84-85° (4 mm), ng 1.4750 and 6.3 g (31<5(,) 
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dipipendylmethane(VII). a very viscous yellow liquid, b.p. 170-171° (3 mm), ng 1.5004, 

Found ‘7o: N 13.48, 13.44, Calcd. % N 13.71. 

Dipictate of dipiperidylraethane (VII) melted at 127-128° (from alcohol). 

Found N 15.84, 15.72. C^sHsoOt^Nio. Calcd. <51: N 16.16. 

2 g of initial piperldonet n), b.p. 52-56° (4 mm), ng 1.4623, returned unreacted. Resinous residue 

3.5 g. 

2 ,2-Dimethyl-5-(dimethylaminomethyI)-tetrahydrothiopyran-4 -o ne (X). a) 6g dimethylamine hy- 
drochlotTde, 7 g of 2,2-dimethyltetrahydro-4-thiopytone (IV) (b.p. 77-79° at 10 mm), ng 1.4965 and 7 g of 
SO^o formalin were placed In a 3 -necked flask fitted with stirrer and reflux condenser. To homogenize the 
reaction mixture, 5 ml of me±anol was added and the mixture was stirred for 1 hour at 70-80°. After acidi- 
fication of the mixture with hydrochloric acid, the neutral productsvtere removed by treatment with ether. 

The base was separated from the aqueous solution with potash, extracted with ether, dried with sodium sulfate 
and after the ether was driven off, it was vacuum -distilled. Yield 6.3 g of 2,2-dimethyl-5-(diraethyl- 
aminomethyl)- tetrahydto-4-thiopyrone (X), colorless liquid with odor of thio compound, b.p. 99-lOT (4 mm), 
ng 1.5027. 

Found <7o: N 6.99, 6.67. CioHigOSN. Calcd, fo: M 6.96. 

The ethereal extract of neutral products yielded 1. 1 g of initial thiopyrone (IV). 

Hydr o chloride o f amlnothlopyrone (X) melted at 148° (from acetone). Fine white lustrous needles, 
readily soluble in water, methanol, alcohol, chloroform and in hot acetone, dioxane and ethyl acetate. 

Found “yo: Cl 14.52, 14.63. CioHajOSNCl. Calcd. <5iK Cl 14.91. 

Picrate of amlnothlopyrone (X) had m.p. 114-114.5° (from alcohol), aciculat light-yellow crystals. 

b) 6 g of dimethylamine hydrochloride and 7 g of 2,2-dimethyltettahydto-4-thlopyrone (IV) were 
placed in a flask. 7 g of 30% formalin was added with stirring. Two layers formed. 5 ml of methanol was 
added for homogeneity and the mixture was then stirred at room temperature for 5 hours. The reaction 
mix ture was saturated with potash and extracted with ether. After the ethereal extracts were dried and dis- 
tilled, we obtained 6.2 g of initial thiopyrone (IV), b.p. 52-54° (3 mm), ng 1.4956. 

c) 5 g of dimethylamine hydrochloride, 7 g of thiopyrone (IV) and 6 g of 30% formalin were taken 
for the reaction. The mixture was stirred while being heated on a boiling water bath for 1 hour. Upon 
treatment of the homogeneous reaction mixture with ether, a precipitate came down which was separated, 
washed on a filter with ether and water, and when recrystallized from benzene, had m.p. 154.5-155°. Yield 
0.2 g of compound with unknown structure in the form of a fine white powder, soluble in acetone, chloro- 
form, dioxane, Tn hot benzene and ethyl acetate ; sparingly soluble in alcohol and carbon tetrachloride ; com- 
pletely insoluble in water, methanol, ether and in gasoline. 

Found %: C 59.11, 59.13; H 8.14, 8.23; S 19.31, 1931; N 3.41, 3,16. 

The aqueous solution was given the usual treatment, and distillation of the reaction products under 
reduced pressure yielded 4.2 g (437o) aminothiopyrone (,X), b.p. 95-99° (3.5 mm), ng 1.5021. 

d) 10 g of dimethylamine hydrochloride, 14.4 g of 2,2-dimethyltetiahydto-4-thlopyrone (IV) and 

15 g of 307o formalin were taken for the reaction. 15 ml of methanol was added until the solution was homo- 
geneous and the mixture was stirred with heating on boiling water bath for 5 hours. After acidification 
with hydrochloric acid, the reaction mass was treated with ether and the ethereal extracts of neutral products 
were dried with sodium sulfate. After the ether was driven off, the residue crystallized. Yield 3.5 g crystals, 
which contained no nitrogen, m.p. 117° (from alcohol), readily soluble In benzene and acetone. In hot 
methanol and alcohol, gasoline, dioxane and completely insoluble in water; proved to be di-(2,2-dlmethyl- 
4-ketotetrahydro-l-thiopyranyl-5)-dimethyl ether (XIII). 

Found %: C 58.17, 58.27; H 8.17, 8.15; S 19.24, 19.46, CigHjgOjSj. Calcd. %: C 58.14; H 7.93; 

S 19.40. 
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The aqueous solution was treated as usual, DistlllaUon of the ethereal extractionsj)f basic products 
yielded fractions: 1st, b.p. 98-101“ (3.5 mm), nfj 1.502‘z, 8.5 g; 2rid, b.p. lOo-j.!- (o.u i.*m). ..j3 
2.3 g. The 1st fraction was aminothiopyrone (X) (yield 42.5'7a). 


Sulfoxide of 2.2- dlmethyl-5-(dimethylaminomethyl)-tetrahydto-4-thio pytone (^). rn o % 

hydrogen peroxide 1.1040) was added to a solution of 1 g of the hydrochloride of 2,2-dtmethyl-5- dimediyl- 
aminomethyl)-tetrahydro-4-thiopyrone (X) (m.p. 148°) in 3 ml of glacial acetic acid and a slight evo ution 
of heat was observed. After standing for a week, the solution was evaporated down under reduced pressure. 

The residue, a viscous colorless liquid, was dissolved in a small quantity of anhydrous alcohol and reprecipitated 
from an alcoholic solution of absolute ether. The viscous colorless oil which formed was rubbed to pow er un 
a layer of fresh quantity of ether, separated from the ether and dried in a vacuum -desiccator over caustic 
potash. The resulting solid mass was very hygroscopic and quickly turned to an oil in air. After 2-fold re- 
crystallization from a mixture of anhydrous alcohol and acetone, we obtained stable crystals of the hydro- 

chloride of the sulfoxide of 2,2-dimethyl-5-(dimethylaminomethyl)-tetrahydro-4-thiopyrone (XII), m.p. 

162°, soluble in water, methanol and in hot alcohol, insoluble in acetone. 


Found N 5.64, 5.52. CjoHgjSNCl. Calcd. 1o-. N 5.52. 

2,5-Dimethyl-4-(dimefhylaminomethyl)-tetrahydrothiopyran-4-one (IX). a) 6 g of dimethylamine 

hydrochloride, 7 g of 2,5-dimethyltetrahydro-4-thiopyrone (III) (trans-isomer, m.p. 71°) and 7 g of SO'J'o 
formalin were placed in a 3-necked flask fitted with stirrer and reflux condenser. 5 ml of methanol was 
added and the mixture was heated with stirring on a boiling water bath for 6 hours. The homogeneous react- 
ion mixture was acidified with hydrochloric acid and treated with ether to remove the neutral products. After 
drying and evaporation of ether, the resiSue crystallized. Yield 0.8 g of initial thiopyrone (ill), m.p. 63-70 
(from alcohol). In the presence of ether and with cooling, the aqueous solution was saturated with solid 
caustic soda and extracted three tiroes with ether. After passage of a stream of carbon dioxide, the ethereal 
extracts were dried with sodium sulfate. The ether was driven off and the residue was vacuum -distilled. 

Yield 6 g (61.5<5/o) 2,5-dimethyl-3 (dimethylamInomethyl)-tetrahydro-4- thiopyrone (IX), colorless liquid 
with odor of thio compound, b.p. 96-97° (2.5 mm), nj^ 1.5034. 

Found N 7.19, 6.93. CigH,gOSN. Calcd. N 6.96. 

After distillation, there was 1.5 g resinous residue. 

Hydrochloride o f aminothiopyrone (IX) had m.p. 164.5° (from acetone). It was soluble in water, 
methanol and in alcohol and also in hot acetone and dioxane. 


Found <yo: Cl 14.54, 14.82. CioHjjOSNCl. Calcd. Cl 14.91. 

Picrate of aminothiopyrone (IX) melted at 137-137.5° (from alcohol), b) 7 g of 30% formalin was 
added to" a soluUon of 6 g of dimethylamine hydrochloride and 7 g of 2,5-dimethyltetrahydro-4- thiopyrone 
(III) in 25 ml of methanol and the mixture was stirred with heating on a boiling water bath for 2 hours. Upon 
cooling, crystals of thiopyrone (III) formed in the reaction mixture, 5 g of 30% formalin was added and heating 
was continued for 3 hours more. The reaction mixture was treated as in the preceding experiment. Vacuum - 
distillation of ethereal extracts of basic products yielded 4.8 g (49%) aminothiopyrone (IX), b.p. 101-107° 

(4 mm), nf) 1.5136. The hydrochloride prepared from this fraction, melted at 164-164.5° and gave no depres- 
sion with sample prepared in the preceding experiment. From the ethereal extracts of neutral products we 
isolated 2.5 g of Initial thiopyrone (III), m.p. 69-70° (from alcohol). 

2.2-Dimefhyl-5-(dlmelhylaminomethyl)-tetrahydropyran-4-one (XI). 10 g of dimethylamine hydro- 
chlorlde, 12,8 g of 2,2-dimethyltettahydto-4-pytone (V) (b.p. 77-79°, 30 mm, njj 1.4500) and 15 g of 30% 
formalin were placed in a 3-necked flask fitted with stirrer and reflux condenser. 5 ml of methanol was 
added and the reaction mixture was heated while stirring on a boiling water bath for 5 hours. Upon cooling, 
the mixture was treated with ether to remove the neutral products. After drying and distillation of the ethereal 
extracts, we isolated 1 g of initial pyrone (V). b.p. 67-69° (8 mm), n|5 1.4506. The aqueous solution was 
saturated with alkali, the base was extracted with ether and after passage of a stream of carbon dioxide, it 
was dried with sodium sulfate. The ether was driven off and the residue was vacuum -distilled. Yield 11.2 g 
(60.5%) of 2,2-dimethyl-5-(dimethylamlnomethyl)-tettahydro-4-pytone (XI) In the form of colorless liquid. 
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B.p. 83-85° (3.5 mm), nf^ 1.4630, df 0.9768, MR^ 52.24; Calcd. 51,77. 

Found %: N 7.38, 7.33. CioHisOjN. Calcd. %: N 7.56. 

After distillation, there was 4 g of resinous residue. 

Hydrochlo ride of aminopyrone (XI) had m.p. 144° (from acetone). Fine white crystals, soluble in 
water, methanol, alcohol, ethyl acetate and in chloroform, also in hot acetone and dioxane, 

Found %; Cl 15.53, 15.77. CioH2o02NCl. Calcd. %■: Cl 15,99. 

Picrate of aminopyrone (XI) melted at 127.5-128° (from alcohol). Yellow lustrous flakes. 

SUMMARY 

The aminom ethylation reaction by means of formaldehyde and dimethylamine was studied on 
nitrogen-, sulfur- and oxygen -containing heterocyclic y-ketones (II, III, IV and V); here heterocyclic 
6 -aminoketones (VI, IX, X and XI) were synthesized, the hydrochlorides of which were subjected to 
pharmacological testing. 

The raethylol derivative of piperidone (VIII), and also derivatives of the dipiperidylmethane (VII) 
and of the dithiopyranylmethyl ether (XIII), were isolated as by-products in the Mannich reaction. 
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THE MANNICH REACTION IN THE THIAZOLE SERIES 

B. M. Mikhailov and I. K. Platova 


The condensation of organic compounds with formaldehyde and either ammonia or primary and secondary 
amines, known as the Mannich reaction, has found wide use as a preparative method for the introduction of 
aminomethyl and alkylaminomethyl groups into different types of organic substances. Into this reaction enter 
not only compounds with methyl and methylene groups, activated by either carbonyl or carboxyl groups, but 
also different heterocyclic compounds and their homologs. Thus, into the Mannich reaction enter indole [1], 
thiophene [2], pyrrole [3], a-picoline [4], 2-methylfuran [5], and quinaldine [4, 6], all containing sufficiently 
active hydrogen atoms in either the ting or the side chain. 

Up to now the Mannich reaction has not been described in the thiazole series. The ability of 2-acetyl- 
4-phenylthiazole to react with formaldehyde and amines [7] is conditioned, naturally, not by the thiazole ring, 
but by the carbonyl group, and consequently this example cannot be considered as being specific for compounds 
of the thiazole series. 

We studied the Mannich reaction in the thiazole series in application to 2,4-dimethylthiazole. It was 
found that the latter is quite inert toward formaldehyde and dimethylamine— the most active of the amines in 
the Mannich reaction. Attempts to condense 2,4-dimethylthiazole with dimethylamine in 40‘7o aqueous form- 
aldehyde solution under prolonged heating at various temperatures proved unsuccessful. We were able to realize 
the condensation by the method of boiling for a long time under reflux and ethanol solution of 2,4-dimethylthiazole 
with dimethylamine and paraformaldehyde in the presence of hydrochloric acid. The 2,4-dimethylthiazole partially 
reacts under these conditions and gives substitution products, in which both one hydrogen atom (1) and two hydrogen 
atoms (ll) ate replaced by the dimethylaminomethyl group: 

'""in"' H^CO, NH(CH .). ^ 

* (I) (III) 

The structure of the obtained compounds can be judged on the basis of the behavior of 2,4-dimethyl- 
thiazole in its reaction with benzaldehyde. The formation here of 2-stytyl-4-methylthlazole [8] shows that 
of the two methyl groups in 2,4-dimethylthiazole the greatest reactivity with respect to carbonyl groups is 
possessed by the methyl group in position 2. 

4-Methyl-2-6-(dimethylamino)-ethylthiazole (I), obtained in 30<7o yield, is extremely unstable, and 
consequently it was identified as the picrate. 

4-Methyl-2-di-(dimethylaminomethyl)-methylthiazole (H) is obtained in lower yield. It was identified 
as the methiodide. 

The use of elevated temperature in running the reaction by replacing the ethyl alcohol by Iso amyl alcohol 
failed to give an increased yield of reaction products, and only facilitated tatting. 

The condensation of 2,4-dimethylthiazole with paraformaldehyde and diethylamine under the same con- 
ditions gave 4-methyl-2-6-(diethylamino)-ethylthiazole (III) In low yield: 

"rt 

S (ID) 
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EXPERIMENTAL | 

4-Methyl-a-B -(dimethylamino). -ethylthiazole (I) and 4-niethyl-2-dl-(dimethylarninome Uiyl)-methyltha- 

azole (II). A mixture of 34 g of 2.4-dirnethylthiazole [9], 24.6 g diraethylamine hydrochloride, 13.5 g para- ; 

formaldehyde, 100 ml anhydrous ethyl alcohol and 3 ml concentrated hydrochloric acid was heated on a water 

bath with reflux condenser for 12 hours. Upon completion of heating, the solvent was distilled off from the 

dark yellow solution (green opalescene). After extraction of unreacted 2,4-dimethylthiazole with ether, the 

residue was dissolved in 20 ml of water, the solution was saturated with potash and extracted with chloroform. 

The dark red chloroform extract vras dried over calcined calcium chloride, the solvent was then driven off and 
the residue was fractionated. The following fractions were obtained: 1st, 90-92'’ (3 mm), 4,3 g; 2nd, 98-100 
(3 mm), 1,7 g. 

The 1st fraction was 4-methyl-2-S -(dimethylamino)-ethylthiazole; yield 31% based on the reacted 

2,4-dimethylthiazole. The compound was very unstable and was therefore analyzed in the form of the picrate. 

The latter was prepared by combining hot alcoholic solutions of the components. The resulting picrate (yield 
85%) after crystallization from alcohol, had m.p. 105-106.5°. 

Found %: C 42.67, 42.53; H 4.25, 4.20; S 7.81, 7.75; N 17.65, 17.61. C14H17O8N5S. Calcd. '7« C 42.29; 

H 4.29; S 8.02; N 17.53. 

The fraction, b.p. 98-100° (3 mm), was 4-methyl-2-(dimethylaminomethyl)-methylfhiazole (yield 9.4%, 
based on the reacted 2,4-dimethylthiazole). Due to its instability, the compound was analyzed in the form of 
the methiodide. Upon stirring and cooling with ice, a solution of 1.7 ml of methyl iodide was added to 1.7 g 
of the compound. The resulting oil rapidly crystallized upon addition of anhydrous ethyl alcohol. The precipi- 
tate was filtered off, washed with anhydrous alcohol and ether and dried. M.p. 208-209°, 

Found %: C 30.41; H 5.76; N 8.32. CuI^tI^SIj, Calcd. %: C 30.54; H 5,32; N 8.22. „ 

Picrate had m.p. 150-151-151.5° 

Found %: N 18.66. Ci^z^PsNgS. Calcd. %: N 18.64. 

4-Methyl-2-6-(diethvlamino)-ethvlthiazole (III). A mixture of 34 g 2,4-dimethyltliiazole, 33g diethyl- 
amine hydrochloride, 13.5 g paraformaldehyde, 99ml anhydrous alcohol and 3 ml concentrated hydrochloric acid 
was heated on a water bath for 12 hours. The alcohol was then driven off from the reaction mass and the crystallized 
residue was extracted with ether for extraction of initial dimethylthiazole (21 g). The resulting precipitate was 
dissolved in 50 ml of water, the solution was saturated with soda and extracted with chloroform. The chloroform 
solution was washed with aqueous soda solution, dried, and the solvent was driven off. The residue was fract- 
ionated, Yield 3 g of compound, b.p. 96-97° (2 mm). 

Found %: C 60.30, 60.36; H 8.99, 9.03; S 16.14, 16.24. CioHjgNjS. Calcd. %: C 60.56; H 9.14; S 16.11. 

SUMMARY 

2,4-Dimethylthiazole reacts with dimethylamine and formaldehyde, forming 4-methyl-2- 6-(dimethyl- 
amino)-ethylthiazole and 4-methyI.-2-di-{dimethylaminomethyl)-methylthiazole. 

2,4-Dimethylthiazole reacts with diethylamine and formaldehyde to form 4-methyl-2-S-(diethylamino)- 
ethylthiazole. 
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XVIH. A NEW METHOD FOR THE PREPARATION OF ESTERS OF CHLORO- AND DICHLOROTHIOPHOSPHORIC 
ACIDS 

Z. M, Bakanova, Ya. A . Mandelbaum, N, N. Melnikov and E. I. Sventsitsky 


Aa Is known, organic phosphorus compounds are steadily acquiring greater and greater importance in com- 
bating different plant parasites, and their scale of use In agriculture is constantly being expanded [1-4], Diethyl 
chlorothiophosphate is used as starting material in the synthesis of many active contact and systemic Insecticides, 
the preparation of which presents known difficulties. Up to now the following methods have been given in the 
literature for the preparation of diethyl chlorothiophosphate. 

1. Reaction of sodium ethylate with phosphorus thiotrichloride [5]; PSCls + 2Cj5HsONa = (C2H50)2PSC1 + 

+ 2NaCl. According to the data of the American investigators the yield of diethyl chlorothiophosphate in this 
reaction is about 50% [5], The use of sodium ethylate is quite inconvenient due to the need of working with 
metallic sodium. It is also possible to obtain diethyl chlorothiophosphate by the reaction of phosphorus thio- 
trichloride with alcohol in the presence of sodium hydroxide [6]. 

2. Reaction of phosphorus thiotrichloride with anhydrous alcohol in the presence of pyridine, but the yield 
in this case fails to exceed 24% [7], 

3. Chlorination of diethyl chlorothiophosphoric acid [8. 9] with different chlorinating agents. The yield 
of diethyl chlorothiophosphate by this method exceeds 70%, but the starting product here is diethyl dithiophos- 
phoric acid, which is obtained in about 75% yield [10, 11], i. e. the final yield, based on starting crude, in this 
case also is only slightly more than 50%. 

Ethyl dichlorothiophosphate and triethyl thiophosphate can be obtained by analogous methods [12, 13], 

In view of the fact that the esters of thiophosphoric acid are of interest as raw materials for the preparation 
of insecticides we made a special study of different methods for the synthesis of diethyl chlorothiophosphate and 
other esters of thiophosphoric acid. One of the interesting new methods for ±e synthesis of diethyl chlorothio- 
phosphate and triethyl thiophosphate is the reaction of aluminum ethylate with phosphorus thiotrichloride. As 
a result of the present study it was shown that the reaction of phosphorus thiotrichloride with aluminum ethylate 
proceeds in accord with the following basic schemes: 

PSCI3 -t- AI(0C2H6)3 = AICI3 -t- (C2HsO)3PS, 

3PSCI3 2A1(0C2H6)3 = 3(C:2 HbO) 2PSC1 AICI3, 

3PSCI3 -I- AI(0C2H6)3 = 3C2H5OPSCI2 -t- AICI3. 

Here aluminum chloroethylate is obtained together with aluminum chloride, as a result of which the 
yields of chlorothiophosphoric acid esters show considerable reduction. A reduction in the yield of chlorothio- 
phosphotic acid esters is also obtained as the result of the phosphorus thiotrichloride and thiophosphoric acid 
esters being reduced by the aluminum alcoholate. Under the optimum conditions we were able to obtain diethyl 
chlorothiophosphate and ethyl dichlorothiophosphate in about 40-45% yield, which approaches the yield of 
diethyl chlorothiophosphate from sodium ethylate and phosphorus thiotrichl oride. 



EXPERIMENTAL 


1. Preparation of aluminum ethylate. Fine aluminum wire, foil or powder was used to prepare alum' 
num ethylate. In order to accelatate the sluggish reaction of aluminum with alcohol, the aluminum was 
activated with mercury acetate and iodine [14]. Aluminum, absolute ethyl alcohol, about 0.1 g mercury 
acetate and a small iodine crystal were placed in a flask fitted with reflux condenser and closed calcium 
chloride tube and the reaction mixture was boiled until complete solution of the aluminum. A 2-4 fold 
excess of anhydrous alcohol was used to prepare the aluminum ethylate. When aluminum ethylate was pre- 
pared with an equimolecular quantity of alcohol, organic solvents, for example benzene, were used to dilute 
the reaction mixture. Under these conditions, the preparation of aluminum ethylate went half as fast. 

2. Preparation of ethyl dichlorothiophosphate. 17 g of phosphorus thiotrichloride was placed in a 
flask fitted with reflux condenser and mechanical stirrer and upon cooling and stirring, a solution of aluminum 
ethylate, prepared from 0.5 g metallic aluminum and 3 g anhydrous alcohol in 8 ml of benzene, was added. 
After addition of the aluminum ethylate, the reaction mixture was heated on a water bath at 50° for 3 hours. 
After the reaction was complete and the reaction mixture was cooled, it was washed with ice water and 
acidified with hydrochloric acid. The benzene layer was separated, dried with anhydrous calcium chloride; 
the benzene was driven off and the ethyl dichlorothiophosphate was vacuum-distilled. Yield of pure com- 
pound was about dO^o. 

B.p. 68° (20 mm), dj 1.3968, n^ 1.5030. According to the literature data, ethyl dichlorothiophosphate 
has b.p. 68° (20 mm) and dj 1.3966 [15]. 

3. Preparation of diethyl chlorothiophosphate. A solution of aluminum ethylate, prepared from 2 g 
metallic aluminum and 25 ml anhydrous ethyl alcohol was gradually added with cold-water cooling to a 
flask fitted with reflux condenser and mechanical stirrer, containing 34 g of phosphorus thiotrichloride. After 
addition of all the aluminum ethylate, the reaction mixture was held at 50-60° for 2 hours. When the react- 
ion was complete, the mixture was cooled and treated with 70 ml cold water, containing admixed hydro- 
chloric acid. The resulting oil was separated, dried over calcum chloride and vacuum-fractionated. Yield 
of diethyl chlorothiophosphate was about 4270. 

B.p, 96-98* (25 mm), dj 1.2015, n^ 1.4670. According to the literature data, diethyl chlorothiophos- 
phate has b.p. 96-99° (25 mm), dj 1.2017 and nj^ 1.4678. 

SUMMARY 

A new method was proposed for the preparation of chloro- and dichlorothlophosphotic acid esters by 
the reaction of phosphorus thiotrichloride with aluminum ethylate. The yield of chloro- and dichlorothio- 
phosphorlc acid esters by this method is greater than 407o. 
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XDC. SYNTHESIS OF MIXED ESTERS OF DITHIOPHOSPHORIC ACID CONTAINING AN AMIDE GROUP IN 
THE ALIPHATIC ESTER RADICAL 

K. D, Shvetsova-Shllovskaya, N. N. Melnikov and N. I. M aiterayanova 


Among the organic phosphorus comfKjunds, In recent years finding quite extensive use in agriculture, the 
systemic type of insecticides possess considerable interest, their distinguishing feature being the ability to move 
through the vascular system of plants and in the course of a variable length of time to kill the parasites, feeding 
on the saps of the plant treated in this manner. Up to now two types of organophosphorus compounds possessing 
systemic action have been described: 1) the mixed esters of thio- and dithiophosphoric acids, containing 
sulfide sulfur or some other functional group in the ester radical, and 2) the amides of pyrophosphoric and phos- 
phoric acids [1-6], One of the active compounds of the first group is "Systox'fethylmercaptoethyldiethyl thio- 
phosphate), and in the second-pyrophosphoric acid octamethyltetraamide. It was recently shown in out 
laboratory that some of the thiophosphoric acid amidoesters also show tlie properties of systemic Insecticides, 
although in the duration of their effect they, are somewhat inferior to the octamethyltetraamide of pytophos- 
phoric acid [7], 

In connection with our study of the relationship between structure and the insecticidal activity of organic 
phosphorus compounds it seemed of interest to study the mixed esters of dithiophosphoric acid, containing amlno- 
and amido- groups in the aliphaticradical. Only . extremely few compounds of this type have been described 
in the literature, and it is only very recently that x.iformation has appeared on the presence of insecticidal 
properties in them [8], We first undertook a study of the compounds having the general formulas (I) and (II), 
where R and R' are aliphatic hydrocarbon radicals: 


(ROaP- S CHa-N-C-Ol 


S O 

(R0)2P-SCH-N-C-0R". 

(!:h3 1?' 

on 


These compounds are easily obtained by the Mannich reaction in the reaction of the partial esters of 
dithiophosphoric acid with aldehydes and esters of carbamic acid: 


(RO)2P-SH-i-R'"-C< 


NH-COOR" 

k' 


The compounds obtained by us and their properties are given in Tables 1 and 2. 

A study of the insecticidal properties of the compounds syn±esized by us revealed that they ate weak 
insecticides of the contact type, but some of them also possess the properties of systemic insecticides and in 
their activity and duration of action approach the octamethyltetraamide of pyrophosphoric acid. 
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TABLE 1 


Properties of Mixed Esters of Dithiophosphoric Acid of General Formula (ROJjP-SCHj-N COOR" 


R’ 





Yield 

Boilingjjoint 



Analysis for P (fjo) 

R 

R’ 

R" 

W 

and pressure 
(in ram) 

d|» 


found 

calculated 

CHj 

H 

QHj 

36.3 

107-110° 

(0.2) 

1.3498 

1.5091 

10.76, 10,55 

11.95 

QHg 

H 

CjHs 

42.0 

64-68 

(0.65) 

1.1904 

1.4990 

10.68, 10.68 

10.78 

n-CsH, 

H 

QHg 

60.7 

82 

(0.075) 

1.0866 

1.4912 

9.47, 9.41 

9.82 

iso-C4H, 

H 


46.6 

122-124 

(0.175) 

m.p. 

22° 

9.25, 9.03 

9.02 

CgH^ 

CHj 

CjHs 

20.8 

107-114 

(0.15) 

1.1814 

1.5041 

10.2, 10.25 

10.31 

C4H, 

CHs 

CjHj 

53.7 

145-152 

(0.45) 

1.0675 

1.4870 

8.91, 8.95 

8.73 

IS0-C4H, 

CHg 


67.7 

124- 127 
(0.2) 

1.0591 

1.4840 

8.22, 8.28 

8.73 

QHs 

C2H5 

CjHs 

52,5 

108-113 

(0.18) 

1.0301 

1.4807 

10,09, 10.48 

9.78 

QHs 

QHj 

iso-CjH; 

65 

112-120 

(0.18) 

1.1182 

1.4867 

9.47, 9.90 

9.42 

iso-CjHy 

CjHj 

iso-CgHT 

39.2 

113-120 

(0.15) 

1.0560 

1.4820 

8.27, 8.18 

8.67 

C4H9 

C*Hs 

iso-CgHr 

70.5 

136- 140 
(0.18) 

1.0718 

1.4890 

~ 


C4H<, 

H 

QHg 

80.6 

100 

(0.20) 

1.2523 

1.5000 

9.07 

9.02 


TABLE 2 


Properties of Mixed Esters of Dithiophosphoric Acid of General Formula (RO)2P-SCH-N-COOR‘' 

CHs R’ 


R 

R' 

R" 

Yield 

Boiling point and 

d» 

20 

Analysis for P (%) 





pressure (in mm) 


found 

calculated 

QHg 

H 

CjHg 

44 

74-83° (0.1) 

1.1592 

1.4896 

10.4 

10.3 

iSO-(JgHy 

H 

CjHg 

39.6 

90-93 (0.4) 

1.1008 

1.4744 

9.65 

9.4 

iso-C,H, 

H 

CgHg 

43.3 

95-114 (0,3- 0.4) 

1.0845 

1,4906 

9.35 

8.68 

CHg 

CgHg 

CtHj 

25.4 

70-71 (1) 

1.1826 

1.4980 

9.76 

10.3 

CgHj 

QHs 

QHj 

18.8 

75-85 (0.3) 

1.0703 

1.4926 

8.35 

8.65 

iso-CgHg 

CgHs 

CgHs 

33 

99 (1) 

1.0793 

1.4780 

9.1 

8.65 

iso-C4H5 

QHs 

C2H5 

61 

92-103 (0.3) 

1.0554 

1.4855 

8.61 

8.03 

CHg 

CjHj 

iso-CgHg 

30 j 

65-75 (0.3) 

1.0595 

1.4973 

10.6 j 

10.2 


EXPERIMENTAL 






Preparation of the mixed esters of dithiophosphoric acid, containing the catbamldo group in the 
aliphatic ester radical, was carried out as follows; a mixture of aldehyde with carbamic acid ester was 
placed in a flask fitted with reflux condenser, mechanical stirrer and dropping funnel; the partial ester of 
dithiophosphoric acid was gradually added with vigorous stirring to the reaction flask. Upon addition of the 



partial ester of dithiophosphoric acid, the temperature of the reaction mixture gradually rose to 40-50°. 

On addition of the total quantity of partial ester of dithiophosphoric acid, the reaction mixture was set 
as.'de for 1-3 days at room temperature. After the reaction was complete, the resulting product was ex- 
tracted with benzene, the benzene solution was washed twice with water, dried with sodium sulfate, the 
benzene was driven off and the residue was vacuum-fractionated. None of the prepared compounds are 
described in the literature. 

SUMMARY 

For the purpose of studying their insecticidal properties we synthesized a number of previously unknown 
mixed esters of dithiophosphoric acid, containing the carbamide group in the aliphatic ester radical. Most 
of the compounds synthesized by us appear as weak contact insecticides, but some of them also show quite 
strong systemic action. 
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QUINOLINE AND ITS DERIVATIVES 
XIII, SYNTHESIS OF QUINOLINE BASES FROM DIAMINES OF THE DIPHENYL SERIES 

B. I. Adrashev and Yu, M. Koz lenko 



Earlier it was shown that the syntheses of quinoline bases from diamines appear to be specific, due 
to the different yields and depending on the methods used for their preparation [1, 2], In this communication 
we give the syntheses of a number of quinoline bases from substituted benzidines. The rules mentioned in 
previous papers can also be extended to these syntheses, and specifically the highest yields of quinoline bases 
ate obtained by the Skraup reaction, the median yields by the Baeyer reaction, and the lowest yields by the 
Doebnet-Miller reaction (sec table), The best yield by Baeyer [.1] and Doebner-Miller reactions is obtained 

with tolidine, which depends on the better solubility 
I f the hydr, chlorides formed from its biouiiioline 
bfses. Thu.s the inecluTnism of tlicse syntheses was 
a.ssuinod to i;e in a . .-ord witli I 21. Tlic hit uiiioliiie 
bases, contaiiiiii;? methyl 'roups in the 2,?’-i.ositi, ns 
form substantive biquinophthalcnic dyes [I, 3j. 


EXPERIMENTAL 

Synthesis of 8,8'-dimethylbiquinoline. 

7.6 g diacetyltolidine, 6.1 g p-nitrophenol, 26.2 g 
dehydrated glycerine, 2.2 g iron sulfate and 13.1 ml 
concentrated sulfuric acid (d 1.84) were placed in 
a half-liter round-bottomed flask. The flask was equipped with air condenser and the mixture was heated on 
an oil bath for 5 hours at 135-140°. Upon completion of heating, the mixture was set aside overnight and 
then 130 ml water was added and the mixture was heated to a boil. The hot solution was filtered free of 
resin. The filtrate was alkalized with 30% alkali. The precipitate was filtered off and dissolved in dilute 
(1 ; 4) sulfuric acid. Upon cooling, the sulfate salt of the base came down and was filtered off and decom- 
posed with soda. After purification, 8,S'-dimethylquinoline was a white, finely crystalline substance, m.p. 
192°. Yield of product 5.27 g (73. 6%), 

Found %: N 9.70 (Dumas). CjoHuNj. Calcd. %: N 9.85. 

Synthesis of 8,8'-dimethylbiquinaldine. A mixture of 10.6 g tolidine, 12 ml hydrochloric acid and 
4.J ml paraldehyde was heated over a water bath for 5 hours and set aside overnight. It was then boiled with 
50 ml of water and the resulting resins were filtered off. The filtrate was diluted with water to approximately 
> umes its original bulk and alkalized with 30% caustic soda solution. A white resinous product formed, 

21.3 g, which rapidly turned brov/n in the air. Upon treatment with acetone, a considerable portion of the 
product dissolved and after washing, there remained a white, finely crystalline precipitate of tetramethyl- 
biquinoline, 3.41 g, which had m.p. 18T. Upon treatment with phthalic anhydride [1,4], from the filtrate 
we isolated 0.5 g of base, m.p. 160-165°. The total yield of tetramethylbiquinoline was 3.91 g (25.3%). 

Found %; N 9.07. C2jH2oN2. Calcd. %; N 8.97. 

Synthesis of S.E'-dimethoxybiquinaldine. A mixture of 12.2 g dianisidine, 22.5 ml concentrated hy- 
drochloric acid and 45 ml paraldehyde was treated as in the preceding experiment. Yield 2.3 g (13.4%) of 
quinoline base, m.p. 195-200°, which after purification with acetone, caked at 248-251°. Yield of pure base 


TABLE 


Yields of Ouinolincs from Diamines of the Diphenyl 
dories !in / Based on Starting Amine) 


Designation of Amine 

1 Skraup 
j Reaction 

Doebner- 

Miller 

Reaction 

'Baeyer 

iReact- 

Benzidine 

~CO[53 

~9[3] 

I 31 

Tolidine 


[ 25 

1 51 

Dianisidine 

1 1 

~10 

j 18 

3 , 3 ' -Dichlorobenzidine 


~10 

|~40 
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was 1.50 g (9. O'?;,). The picrate (from alcoholic solution) caked at 269-272°. 

Found <7o; N8.31. CjjHjoOjjNj. Calci. <1o-. N 8.13. 

Synthesis of 8,8'-dichlorobiquinaldine . 8.4 g of 3,3'-dichlorobenzidine, prepared from o-chloro- 
nitrobenzene was placed in a half- liter round-bottom flask and 15 ml of hydrochloric acid (dl.ll9) was 
added with stirring; the misture was cooled to room temperature and 15 ml of paraldehyde was added drop- 
wise. The mixture was heated for 5 hours over a water bath, the flask being fitted with a reflux condenser. 
The mixture was set aside overnight; 50 ml of water was then added and the contents of the flask were 
boiled; resins were filtered from the hot solution. The filtrate was greatly diluted with water and alkalized 
with 30'?o caustic soda solution. 3.1 g of precipitate, m.p. 177-180° came down, which was the quinoline 
base (with resinous impurities) in mixture with unreacted dichlorobenzldine. The product was recrystallized 
from ether. Yield 1.15 g (9.7'7o) of pure base, m.p. 243°; the quinophthalones [1, 3], synthesized from the 
quinaldine bases, were obtained in yields of 70-75%, The biquinophthalones were dark-brown powders which 
did not fuse when heated at temperatures above 360°. The substantive dyes [1] prepared from them, colored 
cotton and silk various shades of yellow. 

Analysis of biquinophthalonefrom 8,8'-dichlorobiquinaldine. 

Found <?« Cl 11.31; N 4.62. C 3 jHi, 04 NjCl 8 . Calcd. %: Cl 11.50; N 4.57. ■ 

Synthesis of 2,2',4,4'-tetramethyldichlorobiquinoline. 8 g of 3,3'-dichlorobenzidine was stirred in 
30 ml of concentrated hydrochloric acid (d 1.19) and then to this was added a mixture of 35 ml of paraldehyde 
and 40 ml of acetone (saturated with hydrogen chloride the previous day) and the flask was then heated for 
5 hours on a water bath. The next day, the mixture was diluted with 50-70 ml of water, boiled, and the resins 
were filtered from the hot filtrate. After treatment of the filtrate with OO"?, caustic soda solution, 16 g of pre- 
cipitate came down, m.p. 220°. After removal of the bases dissolved in the acetone (40 mm), pure tetra- 
methyldichlorobiquinoline, m.p. 250°, 6.48 g (27.0%) was obtained. 

From the acetone solution of bases, 2.8 g of product, m.p. 252° was obtained with the help of phthalic 
anhydride. The total yield of blquinoline bases was 9.28 g (37.6%). The biquinophthalone of the base was 
prepared, yield 74.5%. 

N 4 36 biquinophthalone. Found %: Cl 11.12; N 4.41. Cs.HjjO^NjClj. Calcd. %: Cl 11.08; 

The corresponding biquinophthalone dye, prepared from this intermediate, colored cotton (from a soda- 
alkaline bath with Glauber salt) egg-yellow, and silk (from a weakly acid bath) golden-yellow. 

SUMMARY 

1. From diamines of the diphenyl series we obtained 5 previously unknown biquinoline bases and 4 
new substantive dyes. 

2. The different yields of biquinoline bases, obtained by the Skraup, Doebner- Millet and Baeyet 
reactions, can be explained by the mechanism peculiarities of these reactions, showing characteristic 
appearance when diamines are used. 
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A STUDY OF THE SULFONATION REACTION 
XXXVIII. THE PREPARATION AND PROPERTIES OF 1,8- NAPHTHALENEDISULFONIC ACID 

B. I. Karavaev and A. A. Spryskov 


In accord with the Atm strong -Wynne rule, it is known that 1,8-naphthalenedisulfonic acid was nor 
found in the sulfonation of 1-naphthalenesulfonic acid, whereas in the nitration of 1-napbthalenesulfonic acid 
tne nitro group readily enters the 8 position. Consequently, to study the steric influences and nature of sul- 
fonating forms, we attempted in the present study to show the presence of 1,8-naphthalenedisulfonic acid in 
me sulfonation mixture that is obtained under direct sulfonation, for v/hich reason it was necessary to prepare 
and study some of the properties of this acid. 

1,8 -Naphthalenedisulfonic acid was first obtained in the oxidation of bis(8-sulfo-l- naphthyl) disulfide 
wim permanganate [1], The disulfide was obtained through the xanthate from l-amino-8-naphthalenesulfonic 
acid by the Leuckart method [2]. Armstrong and Wynne [3] also made use of the same method, in addition 
obtaining the acid anhydride with ra p. 227° when the acid was treated with phosphorus pentachlotide. 

Gumming and Muir [4] treated diazotized l-amino-8-naphthalenesulfonic acid with copper sulfate 
solution, reduced with sulfur dioxide. Here reaction of the reaction product with phosphorus pentachloride 
also gave the anhydride of the 1,8-acld with m.p. 225°. The yields of the products are not shown in the 
literature. The free 1,8-disulfonic acid has not been described. 

EXPERIMENTAL 

P reparation of l.R-naphthalenedisulfonic acid. 24 g of twice- recrystallized (v/ith charcoal) commercial 
1 ,5 -naphtliylaminesulfonic acid was diazotized by the usual method. The filtered and v/ashed diazonium pre- 
cipitate was mixed with water and the slurry was introduced into a cooled (to 5°) solution of disulfide, prepared 
from 20 g of crystalline sodium sulfide and 3.5 g sulfur in 50 ml of 10% caustic soda. After 3 hours, the solu-. 
tioii ivas acidified with hydrochloric acid, heated to remove hydrogen sulfide and the sulfur was filtered off. 
rr.e disulfide-disulfonic acid was precipited with barium chloride as the barium salt, which upon being heated 
with soda solution, was converted to the sodium salt; the latter was oxidized with permanganate as described 
111 [1] After separation of manganese dioxide and concentration of the solution to low bulk, 16.7 g (54%) of 
l.,8-disulfonic acid salt crystallized out. 

For conversion to the anhydride, the salt was heated with phosphorus pentachloride, phosphorus pentoxide 
and chlorosulfonic acid. It was found that the phosphorus compounds convert the salt to the anhydride in yields 
of from 35 to 55%. The best results were obtained upon heating 10 g of salt with 30 ml of chlorosulfonic acid 
for 2.5 hours at 55-60°. After pouring the mixture on ice, we obtained the anhydride in a yield of 85%. The 
lecrystallized (once from dichloroethane) anhydride had m.p. 232°. Repeated recrystallizations did not raise 
the melting point. 

After being heated for 30 minutes with 25% ammonia solution, the acid anhydride was converted to 
the ammonium salt of the monoamide of 1,8-disulfonIc acid, readily soluble in water, separating out only 
upon evaporating down the solution. 

Upon treatment with barium chloride in solution, the ammonium salt was converted to the barium salt 
of the monoamide, very sparingly soluble in cold water but readily soluble in hot water. The barium salt of 
the amide (dried in ait) contained 4.5 moles of water of crystallization, which was removed by drying 2 hours 
at 110°. 




The analytical data for barium, obtained by calcination of the salt and for nitrogen, by the Dumas 
metnod, corresponded to the given formula. 

Found Ik Ba 19.21; N 3.64, 3.55, QoHuOijS^NjBa. Calcd. %; Ba 19.36; N 3.94. 

When the barium salt of the amide vras dissolved in water, the barium precipitated by the calculated 
quantity of sulfuric acid and the solution concentrated to obtain the monoamide of the 1,8-acid, the residue 
yielded the anhydride of the 1,8-acid. Concentration over a water bath or in vacuum at room temperature 
always brought about the formation of the anhydride after evaporation of water. The resulting product had 
ro.p. 232°, gave no depression in a test mixture with the anhydride of 1,8-naphthalenedisulfonic acid and 
contained no nitrogen. 

Thus, the monoamlde of 1,8-naphthalenedlsulfonic acid was converted with exceptional ease to the 
acid anhydride with splitting out of ammonia. 

In order to prepare free 1,8-naphthalenedisulfonic acid, its anhydride was hydrolyzed upon heating 
on a water bath with 80'7o alcohol until complete solution of precipitate. After evaporation of the solution 
to dryness, 1,8-naphthalenedlsulfonic acid was obtained in the form of colorless needles, readily soluble 
in water, which crystallized from 10% hydrochloric acid. Titration with alkali showed that the acid (dried 
in a desiccator oven caustic soda) contained 4 molecules of water of crystallization. 

Found M 361.0, 361.4. CioH80*Ss- 41%0. Calcd. M 360.3. 

Experiments were carried out to study hydrolysis of the 1,8-acid. 

A weighed sample of disulfonlc acid with water or with sulfuric acid was heated in a sealed tube in 
an Eichman apparatus. The reaction product was poured into water and naphthalene was filtered off and 
determined by die previously described method [5]. The sulfuric acid was determined in the filtrate gravi- 
mettically. The Increase in the amount of sulfuric acid after hydrolysis and the weight of the naphthalene 
which formed enabled the determination of the quantity of disulfonic acid which hydrolyzed to naphthalene 
and monosulfonic acid. 

The experimental results, given in the table, show that 1,8 -disulfonic acid hydrolyzed much more 
readily than the other 6 disulfo-isomers which formed upon direct sulfonation. Thus, 1,5- disulfonic acid 
is the most labile isomer of the latter group and after 100 hours at 100°, it hydrolyzes in the presence of 45% 
sulfuric acid to the extent of 5% [6], but 1,8 -disulfonic acid will hydrolyze completely after only 5 hours in 
the presence of 38% sulfuric acid. 

TABLE 


Hydrolysis of 1,8 Disulfonic Acid of Nhphthalene 


Expt. No. 

Moles of water 
per mole disul- 
fonic acid 

Concentration of 
sulfuric acid in 
mixture (in %) 

Temperature 

Duration of 

heating 

(hours) 

Hydrolyzed disulfonic acid 
(%of taken amount) 

to naphthalene 

to monosul- 
fonic acid 

11 

9.3 

0 

56 

5 

0 

0 

12 

9.0 

38.0 

56 

5 

0 

16 

9 

9.3 

0 

78 

5 

0 

21 

10 

9.3 

38.2 

78 

5 

0 

28 

8 

9.0 

0 

100 

5 

Traces 

100 

7 

9.2 

37.7 

100 

5 

10 

87 

5 

9.2 

0 

122 

1 

15 

83 


The hydrolysis of the 1,8-disulfontc acid proceeds with considerable rapidity even at 56°. The great 
lability of the 1,8-isomet is probably the reason it was not detected in the sulfonation mixtures prepared by 
direct sulfonation. 


The insolubility of the 1,8-acid anhydride in water may be utilized to detect the presence of the 


1,8 -acid in the sulofnation mixture prepared by sulfonation of naphthalene or of 1-naphthalenesulfonic acid; 
ni the anhydride readily forms in the sulfo-mixture in the presence of sulfuric acid monohydrate or of fuming 

sulfuric acid. 

Thus, 3 g of 1,5-naphthalenedisulfonic acid and 0.15 g of 1,8-disulfonic acid were dissolved in 20 ml 
of 100% sulfuric acid at room temperature and the mixture was kept at room temperature for 40 minutes. 

T.he mixture was poured in cold water and the resulting precipitate, after 24 hours, was filtered off and dried. 
Yield 0.08 g of 1,8-acid anhydride, m.p. 229-231°. 

Thus, if the sulfonation mixture contains 5% 1,8-acid out of the total sulfonic acids present, it can be 
detected with this method. 

1-Naphthalenesulfonic acid was sulfonated at room temp. with 92% sulfuric acid in the course of 3 to 
90 days and also with 100% sulfuric acid in the presence of 5% mercuric oxide by weight of the sulfonic acid 
or in the presence of mercury sulfate. In the latter case the temperature was held at 0°. To form the anhydride, 
after sulfonation, the mixture was treated with an excess of 100% sulfuric acid and poured in water; at this 
point a fine precipitate always formed which caused turbidity and which dissolved aftersorae time had elapsed. 
This precipitate was evidently the anhydride of 1,5 -naphthalenedisulfonic acid, the formation of which is 
possible under similar conditions as demonstrated by Blangcy and Fierz-David [7], Insoluble precipitated 
anhydride of the 1,8-acid was not found in even one case of sulfonation. It was not found even after sulfona- 
tion of 1-naphthalenesulfochloride with chlorosulfonic acid at -8°. 

DISCUSSION OF RESULTS 

The inability for entrance of the sulfonic group in tlie peri position to the sulfonic group already pre- 
I sent in the naphthalene ring should be explained as being due to steric hindrances, which at the same time 

are not present in the nitration reaction. As is known, the nitrating form is the nitronium cation NOj+, which 
imit|tes the COj molecule, and similar to the latter, is represented as the linear symmetrical particle 
0 = N = O, which is shown by a study of its Raman spectra [8], As a result, the nitronium cation can be re- 
garded as being a rod, the entrance of which in the peri-position to the sulfonic group already present in tlie 
naphthalene nucleus is not difficult. The cation SO3H+ and H3S04''' can serve as the sulfonating agent, the 
theories as to the existence of which were evaluated earlier [9], The first cation imitates the nitric acid 
molecule and, simialr to it, should possess a planar structure. 

The second cation can only be three-dimensional with a tetrahedral structure. The probability of 
surmounting steric hindrances is considerably greater for the SOjH"'" cation than for the H3SO4+ cation due to 
the considerable size of the latter. 

The experiments made on studying the sulfonating activity of oleum showed [10] that the H3S04'^ 
cation is the most probable sulfonating form. 

The practically complete absence of 1,8-naphthalenedisulfonic acid in the sulfonation products of 
the 1-acid also shows that the H3S04'*' cation is the sulfonating form, rather than the S03H''' cation. 

SUMMARY 

1. The free 1,8-naphthalenedisulfonic acid was obtained for the first time, and some of its properties 
were studied. A study of the hydrolysis of the 1,8-acid showed that it is the least stable isomer of the seven 
disulfonic acids of naphthalene. 

2. A mote accurate melting point for the anhydrideof the 1,8-acid was found, and from it we obtained 
the barium salt of 1,8-naphthalenedisulfonic acid monoamide. It was shown that the monoamide of the 

1,8- acid is converted into the acid anhydride v/hen its isolation from solution is attempted. 

3. The sulfonation of 1-naphthalenesulfonic acid under diverse conditions revealed the practically 
complete absence of 1,8-naphthalenedisulfonic acid in the sulfonation mixture; consequently, the sulfonation 
process most probably proceeds with the aid of the H3SO4+ cation. 
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THE REACTION OF TRICHLOROPHOSPHAZOSULFONARYLS WITH ALCOHOLS 


A. V. Kirsanov and V. I. Shevchenko 


A study of the reaction of trichlorophosphazcsulfonaryls with alcohols was undertaken for the purpose 
of obtaining the previously unknown alkoxydlchlorophosphazosulfonatyls and monoalkyl esters of arylsulfon- 
amidophosphoric acids, in accord with the scheme: 

ArSOjN = PCI3 + ROH — HCl + ArSCjN = PC'3(OR) (I) 

ArSOjN = PClgfOR) + 2H2O — 2HC1 + ArSOjNHPOfOHlfOR). (II) 

The trichlorophosphazosulfonaryls readily react with alcohols. The first chlorine atom reacts con- 
siderably faster than the subsequent ones; in this connection an unstable molecular compound, without the 
liberation of hydrogen chloride, is formed first; then, in the course of 60-90 minutes, at a temperature of 
5-8° there is liberated about 0.8 equivalent of hydrogen chloride, at a rate that corresponds to a 1st order 
reaction. 0epending on the nature of the trichlorophosphazosulfonaryl, the reaction conditions and the nature 
of the reaction products (their solubility), different types of substances: are formed. Thus, for example, from 
a-trichlorophosphazosulfonnaphthyl in ether solution the crystalline, difficultly ether-soluble methoxydichloro- 
phosphazosulfon-ot-naphthyl (the dichlorlde of the monomethyl ester of a -naphthylsulfonlmidophosphoric 
acid) is easily obtained in good yield by Scheme (I). If the reaction is run in such manner that the hydrogen 
chloride formed here is prevented from escaping, then the dichloride of a-naphthylsulfonamidophosphoric 
acid and methyl chloride are formed in good yield, in accord with the scheme; 

ArSC^N = PCI3 + CH3OH -► CH3CI + ArSO^NHPOCI*. (Ill) 

Trichlorophosphazosulfonphenyl and -o-tolyl also react in the same manner, i. e. in the presence of 
hydrogen chloride they react by Scheme (III), and when the hydrogen chloride is removed they react by 
Scheme (I). However, in contrast to the c£-naphthyl derivative, the methoxydichlorophosphazosulfonphenyl 
and -o-tolyl ate liquids, readily soluble in ether and benzene, and failing to distill without decomposition; 
for this reason they cannot be obtained pure. 

Trichlorophosphazosulfon-p-tolyl and -6 -naphthyl also react very easily with methyl alcohol; here 
crystalline substances are obtained in good yields, still of unestablished structure, and not being either methoxy- 
dichlorophosphazosulfohyl compounds of the dichlorides of the free p-tolyl- and 6 -naphthylsulfonamidophos- 
phoric acids. 

A change in the reaction course in the presence of hydrogen chloride is fully understandable, bas been 
observed many times, and is explained by the scheme; 

ArSOjN = PC’jfOCHs) + HCl CH3CI + ArSO^N = PClifOH). (IV) 

The rate of Reaction (IV) depends on the nature of the aryl radical. For the phenyl derivatives React- 
ion (IV) proceeds rapidly (days), while for the o-tolyl and a- naphthyl derivatives it proceeds at a considerably 
slower rate (weeks). It is very possible that the faster rate ofReaction (IV) determines the special direction of 
the reaction for the p-tolyl and S- naphthyl derivatives. Probably, these derivatives momentarily give di- 
chlorides, which condense with the still unchanged trichlorophosphazosulfonaryl molecules to yield pyrophosphoric 
acid derivatives, the latter then suffering partial methylation; consequently, from the trichlorophosphazosulfon- 
p-tolyl and -6 -naphthyl it is impossible under any conditions to obtain either the methoxydichlorophosphazo 
compounds or the dichlorides of the free p-tolyl-. and 6-naphthylsulfonamidophosphoric acids. 

Methoxydichlorophosphazosulfon-g-naphthyl, g-CuHTSOzNPClzfOCHs) (V), when carefully hydrolyzed 
gives the monomethyl ester of a-naphthylsu’lfonamidophosphorlc acid. 
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a-Ci|,HvS<^NHPO(OH)(OCHj) 

In Its chemical properties (VI) behaves as a dibasic acid (to phenolphthalein), displacing carbonic 
acid from its salts. 

The sodium salt of (VI) is considerably more stable than is the ester itself. It can easily be obtained 
directly from (V) by treatment with sodium hydroxide solution and crystallizes well from aqueous sodium 
chloride solution. With methyl alcohol (V) gives dimethoxychlorophosphazosulfon-cx-naphthyl (the chloride 
of the dimethyl ester ofa-naphthylsulfonimidophosphoric acid), a-CioH^SCjN = PCl(OCHs)2 (VII). 

The already known dimethyl ester of a-naphthylsulfonamidophosphoric acid [1] is obtained in tne 
hydrolysis of (VII). Trimethoxyphosphazosulfon-a-naphthyl [2] is obtained in good yields when either (V) 
or (VII) is treated with sodium methylate, which proves the structure of (V) and (VII). 

The methoxydichlorophosphazosulfonphenyl and -o-tolyl were obtained as colorless transparent liquids 
with a pure substance content of about 68 and 52 % respectively. Their composition and structure were shown 
by analytical data, and by their nansformation into triraethoxyphosphazosulfonphenyl and -o-tolyl, respectively. 

When the trichlorophosphazosulfonaryls ate reacted with alcohols, the latter taken in large excess, the 
corresponding trialkoxyphosphazosulfonaryls are formed first, which then show comparatively rapid and com- 
plete transformation into the dialkyl esters of atylsulfonamidophosphotic acids, in accord with the scheme; 

ArSOjN = P(0R)3 + HCl -^RCl + ArSOjNHPOfORlj. 

Thus, for example, the treatment of trichlorophosphazosulfonaryls with a large excess of methyl 
alcohol for 1 hour gave from 9.6 to 37.57oof trimethoxyphosphazosulfonaryls and from 21.5 to SC.B^oof the 
dimethyl esters of arylsulfonamidophosphoric acids. With ethyl alcohol under the same conditions the yields 
of thetriethoxyphosphazosulfonaryls ranged from 26.4 to and of the diethyl esters from 22.7 to 45. S'?!!. 

If the reaction mixture is allowed to stand at room temperature for a day, then the yield of the trialkoxyphos- 
phazosulfonaryls drops to zero, while the yield of the dialkyl esters of the arylsulfonamidophosphoric acids 
rises to 80<7o. 

EXPERIMENTAL 

Order of reaction of trichlorophosphazosulfonaryls with alcohols. A solution of 0.03 mole methyl 
alcohol in 30.0 ml of benzene was added in the course of 2 minutes with vigorous stirring and continual pas- 
sage of carbon dioxide at 5-6° to a mixture of 0.03 moleB-trichlorophosphazosulfonnaphthyl and 30.0 ml of 
benzene. After 1-2 minutes, the chloride had completely dissolved, indicating the formation of the inter- 
mediate addition product, which is soluble in benzene. After all the chloride had dissolved, the temperature 
was raised to 8-10°. The hydrogen chloride which evolved was absorbed in water and titrated (Table 1). 

TABLE 1 TABLE 2 


Duration 
of react- 

minutes) 

Quantity of 
hydrogen 
chloride 
evolved (in 

Reaction-rate constant, 
calculated for reaction: 

Duration 

of react- 

Quantity of 
hydrogen 
chloride 
evolved (in 
moles) 

Reaction-rate constant, 
calculated for reaction: 

1st order 

2nd order 

1st order 

2nd order 

10 

0.00270 

0.00942 

0.0198 

10 

0.00227 

0.0257 

0.191 

20 

0.00597 

0.0112 

0.0248 

20 

0.00467 

0.0315 

0,285 

40 

0.01156 

0.0121 

0.0314 

30 

0.00591 

0.0298 

0.313 

65 

0.01662 

0.0124 

0.0383 

40 

0.00667 

0.0275 

0.325 

80 

0.01900 

0.0125 

0.0432 

60 

0.00774 

0.0251 

i 0.370 





160 

; 0.00962 

: 0.01 mole r 

note of methyl 







alcohol wi 

as added to re- 







action mixture 





180 i 

0.01017 i 

_ 

_ 





200 

0.01039 

- 

_ 





220 

0.01051 

- 

_ 





240 

; 0.01054 

- 

- 
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An experiment with 0.01 mole of ttichlorophosphazosulfonphenyl 
performed in the same manner (Table 2). 


65 ml benzene(toial voi.) was 


It must be emphasized that these experiments were not devised to determine me absolute value of the 
reaction-rate constant, but were devised only to determine the order of the reaction and compare the reaction 
rate of the first and second chlorine atoms. 


A comparison of the reaction-rate constants, calculated for the first and second orders, clearly shows 
that the reaction of nichlorophosphazosulfonaryls with methyl alcohol conesponded to the first order. Since 
equimolar quantities or reagents were taken, the existence of a pseudofirst order is improbable and, consequent- 
ly, the splitting out of hydrogen chloride Is preceded oy the very rapid addition reaction which occurs with- 
out scission of hydrogen chloride and then the slowly proceeding decomposition reaction of the addition com- 
pound ( 1st order) takes place with splitting out of hydrogen chloride. 

A comparison of the quantities of hydrogen chloride which evolved after addition of the first and 
second moles of methyl alcohol (for identical periods of time) shows that the first chlorine atom reacted 
at a consideiably greater rate than the second. 

Analogous data were obtained for the reaction of methyl and ethyl alcohols with o- and p -trichloro- 
phosphazosulfonphenyls and a-trichlorophosphazosulfonnaphthyl. 

Reaction of g-trichloropho sphazosulfonnaphthyl with methyl alcoh ol. A solution of 0.25 mole of 
methyl alcohol in 100 ml of ether was added at such a rate that the temperature stayed in the range 2-5°, 
with cooling and constant passage of a stream of dry carbon dioxide and vigorous mechanical stirring to a 
mixture of 0.25 mole finely ground powder of trichlorophosphazosulfon-a-naphthyl and 500 ml of diy ether. 
After the solution of methyl alcohol was added, stirring and passage of carbon dioxide were continued for 
3 hours more. The methoxydichlorophosphazosulfon-a-naphthyl came down as fine, well-formed crystals 
which were separated, washed with two 30 ml portions of ether and dried in vacuum. Yield 56.5 g (66.8%). 

Found %: OCH3 9.39; Cl 20.51. Equiv. after hydrolysis 3.97 (phenolphthaleinl.CjiHioOgNCljSP. 

Calcd. %; OCH3 9.18; Cl 20.97. Equiv. after hydrolysis 4.00. 

When the reaction was performed in benzene solution, the yield of methoxydichlorophosphasulfon- * 
a -naphthyl fell to 30%, 


Methoxydichlorophosphazosulfon-a-naphthyl was a colorless, odorless, crystalline compound, m.p. 
82-83°, insoluble in water, difficultly soluble in ether, readily soluble in benzene, acetone and in hot carbon 
tetrachloride. 


Reaction of methoxydichlorophosphazosulfon-g-naphthyl with hydrogen chloride. A solution of 0.01 
mole of methyl alcohol in 10 ml of benzene was added to a solution of 0.01 mole of g-trichlorophosphazo- 
sulfonnaphthyl in 20 ml of benzene. The flask was sealed tightly in order to allow no escape of hydrogen 
chloride from the reaction mixture. Gradually, in the course of a week, coarse crystals g-naphthylsulfon- 
amidophosphoric acid dichloride precipitated out. The crystals were separ.'i-.-u, washed with benzene and 
dried, Yield 76.5%. The properties corresponded to those given in the literature [1]. 

Rea c tion of ttichlorophosphazosulfonphenyl and -o-tolyl with methyl alcoho l. A solution of 0.03 mole 
methyl alcohol and 30 ml benzene was added with stirring, cooling and passage of dry carbon dioxide to a 
solution of 0,03 mole of trichlorophosphazosulfonphenyl in 50 ml of benzene. The temperature of the reaction 
mixture stayed in the range 2-5°. After 1.5 hours, the reaction was complete (about 0.03 mole hydrogen chlo- 
ride evolved). The benzene was driven off and the residue was kept in vacuum (1-2 mm) at room tempera- 
ture for 3 hours. The residue was an almost colorless Uquid with a pungent odor, which did not distill without 
decomposition. Yield 8.48 g. 

Found %; OCH37.38. C^HgQaNSPClj. Calcd. %: OCHj 10.77. 

The reaction product was readily hydrolyzed with water and formed only water-soluble compounds, 
consequently it did not contain either trimethoxyphosphazosulfonphenyl or dimethoxychlorophosphazosulfon- 
phenyl, which upon hydrolysis, would yield the difficultly soluble dimethyl ester of phenylsulfonamidophos- 
phoric acid [1]. The reaction product did not contain appreciable quantities of ttichlorophosphazosulfonphenyl. 
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since upon addition of the second mole of methyl alcohol to the reaction mixture, the evolution of hydrogen 
chloride proceeded much slower than during reaction with the first mole (see above). 

Methoxylation of the reaction product yielded 61.3% trimethoxyphosphazosulfonphenyl, based on 
total weight of initial product, and 90.1%, based on its content of the methoxydichlorophosphazo compound 
(68%). The trimethoxyphosphazo compound could only have formed from methoxydichiorophosphazosulfon- 
phenyl, since the reaction product contained neither trichloro-, nor trimethoxy-, nor dimethoxychlorophos- 
phazo compounds (see above). Thus, by the methoxyl content of the reaction product, about 66% methoxy- 
dichlotophosphazosulfonaryl was found to be present, and by the methoxylation reaction - about 61%. Since 
methoxylation of pure methoxydichlorophosphazosulfon-a-naphthyl (see below) resulted in a SO. 5%o yield, 
and in other cases [1, 2] - yields of 75-95%, these data may be considered sufficiently reliable, and we can 
conclude that in the reaction product, the methoxyl entered chiefly into the formation of methox/dichloro- 
phosphazophenyl and the content of the latter was close to 68%. 

Under the same conditions, we prepared methoxydichlorophosphazosulfon-o-tolyl from trichlorophos- 
phazosulfon-o-tolyl. From 9.18 g we obtained 8.9 g of neatly colorless liquid with a pungent odor which 
did not distill without decomposition. 

Found %>; OCH3 6.34. CgHjijOsNSPCla. Calcd. OCH3 10.28. 

Thus, the content of methoxydichiorophosphazosulfon-o-tolyl in the reaction product was about 62%, 
as corroborated by the methoxylation data (see below). 

Reaction of trichlorophosphazosulfonphenyl with methyl alcohol in ethereal solution. A solution of 
0.1 mole of methyl alcohol in 50 ml of ether was slowly added with vigorous mechanical stirring and cooling, 
at such a rate that the temperature of the mixture stayed in the range 0-2° to a mixture of 0.1 mole trichloro- 
phosphazosulfonphenyl and 150 ml dry ether. 120-130 ml of the ether was then driven off and the solution was 
cooled. The dichloride of phenylsulfonamidophosphoric acid which came down was separated and washed 
with ether. Yield 8,5 g. 10.5 g more of product was obtained upon concentration of the mother liquors. 

Total yield 18.55 g (81,0%)), m.p. 131-132°, gave no melting point depression with the dichloride of phenyl- 
sulfonamidophosphoric acid prepared by acidolysis of trichlorophosphazosulfonphenyl [1, 3], The same results 
were obtained when carbon dioxide was passed continuously through the reaction mixture. This shows that 
Reaction (VI) proceeds at a very fast rate for methoxydichlorophosphazosulfonphenyl. 

Preparation of dichloride of o- t olylsulfonamidophosphotic acid. Reaction (IV) goes much lessteadily 
for methoxydichlorophosphazosulfon-o-tolyl than for the phenyl derivative. Best results were obtained when 
the reaction was performed under the same conditions as described for the preparation of the dichloride of 
or-naphthylsulfonamidophosphotic acid. From 0.01 mole of trichlorophosphazosulfon -o-tolyl and 0.01 mole 
of methyl alcohol we obtained 1.25 g (43.6%)) of the dichloride cf o-tolylsulfonamidophosphoric acid with 
properties which corresponded to those described in the literature [1, 3]. 

Methoxylation of methoxydichlorophosphazosulfonaryls. A solution of 0.002 mole methoxydichloto- 
phosphazosulfon-a-naphthyl in 20 ml of benzene was added slowly with vigorous mechanical stirring and 
cooling, at such a rate that the temperature stayed in the range of 3-5° to a solution of sodium methylate, 
prepared from 0.004 mole of sodium and 20 mi of methyl alcohol. The reaction mixture was then heated 
for 30 minutes at 60°, the solvents were driven off in vacuum, and from the residue, as previously described 
[2], we isolated trimethoxyphosphazosulfon-a-naphthyl. Yield 0.53 g (80.5%)); a mixed sample with known 
trimethoxyphosphazosulfon-(x-naphthyl gave no melting point depression. 

In this manner, from methoxydichlorophosphazosulfonphenyl and-o-tolyl, the corresponding trimethoxy 
compounds were prepared in yields of 90.2 and 65.5%), based on the pure methoxydichlorophosphazosulfonyl 
compounds. The products were identified by mixed melting points with known pure compounds. 

Hydrolysis of methoxydichlorophosphazosu lfo n-g-naphthyi. 100 ml of water was added to 0.01 mole 
finely powdered methoxydichlorophosphazosulfon -a - naphthyl and the mixture was set aside overnif^ht at 
room temperature. The next day a small smount of unhydtolyzed acid dichloride was sucked off on a filter 
and the filtrate was evaporated down in vacuum (temperature of bath not above 50°). After drivinn off the 
main bulk of water (about 90 ml), small fine transparent prisms started to come down. After 90 ml water 
was driven off, evaporation was stopped and the residue was cooled with ice water. The monomethyl ester 
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of a-naphthylsulfonaraidophosphorlc acid was separated, washed with two 0.5 mlportionsof water and dried. 
Yield 1.85 g (61.4%)), m.p. 95-99°, decomposed at 105°. For purification, the monomethyl ester may be te- 
crystaUized from a small amount of water. 

Found %,: OCHj 9.99. Equlv. 1,94. CiiHeOjNSP. Calcd. %>; OCH3 10.30. Equiv. 2.00. 

The monomethyl ester of a-naphthylsulfonamidophosphoric acid was a colorless crystalline substance, 
sour tasting, readily soluble in water, alcohol, acetone, insoluble in benzene, ether, carbon tetrachloride and 
in petroleum ether. Upon titration with caustic soda solution, the monomethyl ester took two equivalents 
(phenolphthalein). Upon prolonged boiling with water, it hydrolyzed to form a-naphthylsulfonamide. 

Preparation of sodium salt of monomethyl ester of K-naph t hylsulfonamidophosphoric acid. 0.01 mole 
methoxydichlorophosphazosulfon-a-naphthyl was neutralized upon heating with 1 N caustic soda solution 
(phenolphthalein). The solution was steamed down on a water bath until crystallization set in. The sodium 
salt of the monoraefhyl ester came down in the form of fine scales, which were suction -filtered off, washed 
with a small amount. of sodium chloride solution and dried. For purification, the salt may be recrystallized 
from dilute sodium chloride solutron (in water it was very readily soluble). The thus prepared sodium salt 
of the monomethyl ester of a-naphthylsulfonamidophosphoric acid evidently contained admixed sodium 
chloride. 

Found%,; OCH58.25, CiiHioCcNSPNag. Calcd. %,: OCHg 8.99. 

Reaction of methyl alcohol with methoxydlchlorophosphazosulfon-g-naphthyl. A solution of 0.01 
mole methyl alcohol in 20 ml benzene was added to a solution of 0.01 mole methoxydichlorophosphazosulfon- 
a-naphthyl in 30 ml benzene and the mixture was set aside at room temperature, protected from atmospheric 
moisture. After 15 days, the crystalline dimethoxychlotophosphpzosulfon-cx-naphthyl which formed was se- 
parated, washed with benzene and dried in vacuum. Yield 1.1 g (34.8%)). Fine transparent prisms (from ben- 
zene), m.p. 138-140°; readily soluble In acetone, alcohol insoluble in water, carbon tetrachloride, cold benzene. 

Found %): OCHj 18.14. Equlv. 2.07. CJ2HJSO4HSPCI. Calcd. %>; OCH3 18,60. Equiv. 2.00. 

Hydrolysis of dimethoxychlorophosphazosulfon-g-naphthyl. 0.01 mole dimethoxychlorophosphazosul- 
fon-o£-naphthyl was carefully ground, mixed with 5 ml water and neutralized at 40° with 1 N caustic soda 
solution (phenolphthalein), Upon cooling, the reaction mass was acidified with hydrochloric acid until acid 
reaction with Congo and the precipitated dimethyl ester of a-naphthylsulfonamldophosphoric acid was sepa- 
rated off. Yield 2,58 g (82.0%)), m.p. 164-165°; identified by mixture test with known pure compound [1]. 

Medioxylation of dlmethoxychlorophosphazosulfon-g-naphthyl was performed as in methoxylation of 
methoxydichlorophosphazosulfonaryls (see above). Yield of trimethoxyphosphazosulfon-a-naphthyl was 82.3%); 
identified by test mixture. 

Reaction of trichlorophosphazosulfonaryls with excess of methyl and ethyl alcohols. 0.003 mole tri- 
chlotophosphazosulfonatyl was dissolved in 10 ml alcohol. After an hour (or after 24 hours), the solution was 
steamed down in vacuum to dryness and the reaction products were separated by the previously described 
method [2]. 

Yields of products from reaction of trichlorophosphazosulfonaryls with methyl and ethyl alcohols, 
duration of reaction 1 hour at 20°, are given in Table 3. 

TABLE 3 


Initial 


Yield (in %o) 


AtSOjN = PCls 





Ai 

ArSO^N = P(OCHt)5 

jAtS02NHP0(0CH3)2 

ArSO^N = P(0C8H,)3 

AtS02NHP0(0CjHs)2 

C5H5 

9,6 

21,5 

26.4 

22.7 


37.5 

34.9 

27.9 

38.8 

S -CioHj 

37.5 

50.8 

34.1 

45.6 


w 


When the reaction mixture was set aside at 20° for 24 hours, only dialkyl esters of arylsulfonamido- 
phosphoric acids are formed with yield of about 80 "ta 

SUMMARY 

1. In contrast to the reaction with alcoholates, the reaction of trichlotophosphazosulfonaryls with 
alcohols proceeds by different directions and very strongly depends on the nature of the aryl and the reaction 
conditions, 

2. As a rule, the rapid removal of hydrogen chloride from the reaction sphere facilitates obtaining 
methoxydichlorophosphazosulfonaryls. 

3. In the presence of hydrogen chloride the methoxydichlorophosphazosulfonaryls are converted into 
the dichlorides of arylsulfonamidophosphoric acids. 

4. With alcohols some trichlotophosphazosulfonaryls fail to give either methoxydichlorophosphazo 
compounds or to dichlorides of arylsulfonamidophosphoric acids, 

5. The hydrolysis and methoxylation of methoxydichlorophosphazosulfon-a-naphthyl was studied. 
The monomethyl ester of a-naphthylsulfonamidophosphotic acid was obtained. 
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THE CONDENSATION OF ACEN APHTHENEQUINONE WITH 1 , 3 - IND A NDIONE 
G. Ya. Vanag and L. S. Geita 


In the previous paper we had shown [1] that the condensation of phenanthrenequinone with 1,3-indandione 

(1) fails to give the desired indigoid (III), as happens, for example, with the indandione analog hydroxythionaph- 
thene (II). and instead the colorless 9,9-diindandionyl-lO-phenanthrone (IV) is formed. It is known that acenaph- 
thenequiiione also readily condenses with hydroxythionaphthene. forming acenaphthenethionaphtheneindigo (V) 

[2] , For this reason it seemed of interest to also study the condensation of acenaphthenequinone with the indand- 



Acenaphthenequinone condenses with the indandione in glacial acetic acid, forming a colorless conden- 
sation product. If 1 mole of the indandione is taken for 1 mole of acenaphthenequinone. then unteacted ace- 
naphthenequinone remains in the solution; if the condensation is run with a molar ratio of 1 : 2, then a pure 
condensation product is obtained, devoid of acenaphthenequinone as impurity. It was found that the reaction 
proceeds in the same manner as with phenanthrenequinone, and 2,2-di-[l', 3’-indandlon-(2’)-yl]-l-acenaphther- 
none (VI), is formed. 

The diindandionylacenaphthenone is also formed in the condensation of acenaphthenequinone with the 
indandione in either alcohol solution or in water solution in the presence of alkali. Somewhat higher yields ate 
obtained when the condensation is run in alcohol solution, but the product is more impure. Some of the conden- 
sation results ate given in the table. 

The diindandionylacenaphthenone molecule contains two active hydrogen atoms, for which reason this 
compound is readily soluble in alkalis, suffering enolization. The enol salts ate red crystalline substances. 
However, it is difficult to obtain them pure, since the alkaline solutions darken rapidly and become tarry. The 
red dipiperidine salt crystallizes readily. This salt is quite unstable and, for example, is converted in» the 
orange monopiperidine salt when boiled in alcohol solution. 

The bonding of one of the indandionyl groups in the diindandionylacenaphthenone is comparatively labile 
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and It is cleaved with ease. Thus, for example, the action of bromine on the dlindandionylacenaphthenone results 
in cleavage of the dibromoindandione (VIII) and 2-(bromolndandionyl)-2-bromo- l-acenaphthenone (VII) or 
the dibromide of the indandionyleneacenaphthenone is formed: 



(VIII) 


TABLE 


Condensation of Acenaphthenequinone (1 Mole) with Indandione (2 Moles) 


Acenaphthene- 
quinone (in g) 

Indandione (in g) 

Solvent (in ml) 

Time of Condensa- 
tion (in minutes) 

1 Yields of Diindandionylacenaph- 
1 thenone 





( in g) 1 

(in ojo) 

1 

1.6 

Glacial , 

1 

30 

Vcetic Acid 

60 

1.45 

58.01 

1 

1.6 

30 

90 

1.69 

67.61 

3 

4.8 

100 

90 

5.10 

68.00 

1 

1.6 

30 

120 

1.92 

76.81 

1 

1.6 

30 

180 

2.15 

86.01 

3 

4.8 

100 

180 

6.40 

85.33 

1 

1.6 

A1 

50 

90 

2.21 

88.41 

1 

1.6 

75 

90 

2.25 

90.01 

1 

1.6 

50 

120 

2.25 

90.01 

1 

1.6 

50 

180 

2,27 

90.80 

■ 

1.6 

2N Soda + 
40 + 10 j 

2N Sodium Hydroxide 

1 

1.4 

56.01 


The lability of one of the ihdandlonyl groups in the dlindandionylacenaphthenone is also characterized by 
its reaction with concentrated sulfuric acid. The compound dissolves in concentrated sulfuric acid with a bright- 
green color The condensation products of acenaphthenequinone with indoxyl and hydroxythionaphthene, i.e. 
the indigoid dyes, give exactly the same green solutions in concentrated sulfuric acid. In our case it was found 
that the cleavage of one indandionyl group results in the formation of the indigoid compound: 2-indan-l',3*- 
dion-(2*)-yIene-l-acenaphthenone (IX)- a red crystalline substance. The mechanism for the cleavage reaction 
can be depicted as follows: 
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Since the indandione can add to an active double bond [3], we examined the possibility of its con- 
densation without obtained indandionyleneacenaphthenone. Actually, such a condensation proceeds easily, 
the Indandione molecule adding to the ethylene double bond of the indandionyleneacenaphthenone, and again 
the colorless dlindandionylacenaphthenone is formed. 

The last reaction explains why we fail to obtain indigoid compounds in the condensation of acenaph* 
thenequinone (and also phenanthrenequinone) with the indandione, and Instead obtain diindandionyl derivatives. 
It can be seen that here also indigoid compounds are formed in the first phase, but the latter immediately add 
a second indandione molecule and give diindandionyl derivatives. The methylene hydrogen atom in indoxyl 
and hydroxythionaphthene is less labile than in the indandione (the influence of two carbonyl groups!), and 
for this reason indoxyl and the thionaphthene fail to show a tendency to add to the active double bond, and in 
these cases the condensation reaction stops at the formation of the indigoid compound. 

In chloroform solution the Indandionyleneacenaphthenone (IX) readily adds bromine at the ethylene 
double bond to give the colorless bromo derivative- bromoindandionylbromoacenaphthenone or indandionyl- 
eneacenaphthenone dibromlde (VII). The bromine is easily cleaved when (VII) is treated with zinc dust, and 
again the indandionyleneacenaphthenone (IX) is formed. 

The indandionyleneacenaphthenone readily condenses with hydrazine, forming the azine- a Ught- 
yellow crystalline substance (X). Indigo blue gives a similar azine [4]. 


>-C C-C8H4/ ^ 


EXPERIMENTA'L 

2,2-Di-[ 1' ,3 ’ -lndandion-(2*)-yl]- 1- acenaphthelene (VI). A solution of 4.8 g indandione in 20 ml 
glacial acetic acid and 1 ml of concennated hydrochloric acid were added to a solution of 3 g acenaphthene- 
quinone in 80 ml glacial acetic acid and the mixtute was brought to a boil. It was then heated on a boiUng 
water bath for 3 hours. .4fter one hour of heating, coarse colorless crystals began to form on the walls of the 
vessel. Upon completion of the reaction, the solution was cooled and the crystals were separated and washed 
with alcohol. Yield 6.4 g (85. S'?.)) crude dlindandionylacenaphthenone. m.p. 220-223°. After crystallization 
from chloroform -alcohol mixture, from glacial acetic acid or from dioxane, it had m.p. 235-236°. 

Found %: C 78.45j H 3.74. CsoHigOg. Calcd. C 78.94; H 3.51. 

Dlindandionylacenaphthenone was readily soluble in chloroform -nitrobenzene, pyridine, dioxane, 
aniline, sparingly soluble in glacial acetic acid, acetone, carbon tetrachloride, benzene, insoluble in alcohol 
and ether. In concentrated sulfuric acid it dissolved with a bright-green coloraUon, in alkalis - orange-red. 

Potassium salt. 3 g of dlindandionylacenaphthenone was dissolved in 15 ml of 2 N caustic soda solution 
with boiling and the hot solution was sucked through a glass filter. The next day the red crystals that formed 
were separated, washed twice with cold water, then with alcohol and with ether. Yield 1.2 g of dipotasslum 
salt. Readily soluble In water, sparingly soluble in alcohol. The salt was recrystaUlzed from alcohol for 
analysis. Coarse red crystals. 

Found <?>: K 13.48. CsoHuOgKj. Calcd. % K 14.67. 
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The potassium salt was coveted with glacial acetic acid and boiled until the precipitate decolorized. | 

The diindandionylacenaphthenone that formed was separated and washed with alcohol; m.p. 235-236 . T e ; ^ 

mixture with pure diindandionylacenaphthenone showed no melting point depression. j 

Piperidine salt. 0.5 g diindandionylacenaphthenone was dissolved with heating in 10 ml water, which j 

contained 1 ml piperidine. Upon cooling, red rhombic crystals formed in the filtrate which were separated | 

and washed with alcohol. Yield 0.35 g dipiperidine salt. The salt was soluble in water, alcohol and in ace- ■ 

tone; m. p. 170-173°. The salt can be prepared equally well by solution of diindandionylacenaphthenone m 
lO'Jt aicoholic solution of piperidine. 

Found <7o: N4.78. CsgHuCj • 2C5HnN. Calcd. yo: N 4.47. 

Upon boiling the dipiperidine salt with alcohol, the ted solution became turbid and orange crystals of 
the monopiperidine salt formed; it was soluble in water and less soluble in alcohol than the dipipetidme salt. 

M.p. 205-206°. 

Found N 2.85. C,oHi A ' CsHuN. Calcd. N 2.58. 

Ethylamine salt. 0.5 g diindandionylacenaphthenone was dissolved at room temperature in 10 ml 
alcohol which contained 0.25 ml ethylamine. The substance slowly dissolved to form a red solution. After 
several days, some fine orange crystals formed in the filtrate. The precipitate increased upon addition of 

ether, yield 0.1 g ethylamine salt of diindandionylacenaphthenone. m.p. 173°. The salt was soluble in water 

and in alcohol, sparingly soluble in acetone. 

Found N 3.04. CsgHiA ' CjHgNHj. Calcd. <70; N 2.79. 

Diindandionylacenaphthenone readily dissolved in dilute ammonia and also in alcoholic ammonia ’ 

solution. The light-red solutions gradually darkened and browned upon standing. The ammonium salt could 
not be obtained in a crystalline state. 

Cleavage of diindandionylacenaphthenone with concentrated sulfuric acid. 4 g of finely powdered I 

diindandionylacenaphthenone was dissloved in 40 ml concentrated sulfuric acid with shaking for 15 minutes. 

The solution was sucked through a glass filter and the green filtrate was carefully poured into 300 ml of water. 

The red precipitate that formed was separated and washed with hot water. Yield of dry substance 3.2 g. 

After crystallization from chloroform, the yield was 1.95 g (71.7'7(.) of 2-indan-l’,3’-dion-{2’)-ylene-l- 
acenaphthenone (IX), m.p. 191-192°. The substance was soluble in chloroform, pyridine, acetone, benzene 
and in hot glacial acetic acid; sparingly soluble in alcohol and in ether. It dissolved in concentrated sulfuric 
acid, producing a green coloration. With resorcin and with concenttated sulfuric acid It gave the fluorescein 
reaction (cleavage of phthaUc acid). 

Found C 81.83; H 3.13. M 320. QiHigOj. Calcd. C 81.28; H 3.22. M 310. 

After separation of the indandionyleneacenaphthenone, colorless needles, m.p. 129-130°, formed in 
the sulfuric acid filtrate. The substance gave all the characteristic reactions for indandione.and upon mixing 
with pure indandione, gave no melting point depression. 

Condensation of in dandionyleneacenaphthenone with indandione. 0.2 g indanionyleneacenaphthenone 
was heated with 10 ml alcohol. The substance partially dissolved, forming a red solution. To this 0.1 g 
indandione was added. After only several seconds, the ted solution decolorized and the undissolved ted pre- 
cipitate formed colorless crystals. For completion of reaction, heating was continued for 10 minutes mote and 
the crystals were then separated and washed with alcohol. Yield 0.29 g of diindandionylacenaphthenone. In 
alkalis it dissolved with red coloration and in concenttated sulfuric acid - with intense green coloration. M.p. 

233-235°. The mixture with pure diindanionylacenaphthenone melted at 234-235°. 

Found <7o: C 79.00; H 3.97. CsgHiA- Calcd. <7); C 78.94; H 3.51. 

Dibromide of inda ndionyleneacen a phthenone (2-[2'- bro mo-l',3'-indandion-(2')-yl]-2-bromo-l- 
acenaphthenone XVII). 0.5 g Indaindionyleneacenaphthenone was dissolved in 10 ml of chloroform and a 
solution of 1 ml of bromine in 4 ml chloroform was added drop-wise to the red solution. The solution light- 
ened and light crystals formed on the walls of the small flask. The contents of the flask were concenttated 
on a water bath and the residue was recrystallized from benzene. The crystals were separated and washed 


with alcohol. Yield 0.3 g indandionyleneacenaphthenone dibromide in the form of colorless crystals, m.p, 
201-203°. 

Found %: Bt 33.53. CjiHABta- Calcd, <70: Br 34,04. 

2.5 g diindandionylacenaphthenone, 25 ml chloroform and 2 ml bromine were heated on a water bath 
for 1 hour. The chloroform and the excess bromine were steamed off and the remaining oil was dissolved in 
warm carbon tetrachloride and filtered. 0.6 g of 2,2-dibromo-l,3-indandione crystallized out of the filtrate, 
m.p. 177°. The mixture with pure dibromoindandione gave no melting point depression. 

Found 70: Br 52.20. CjHABrj. Calcd. fc Br 52.62, 

The indandionyleneacenaphthenone dibromide, which remained on the filter, was recrystallized from 
benzene. Yield 1.66 g, m.p. 201-203°. 

Founded; Br 34.45. CjiHABis. Calcd. <7o: Br 34,04. 

Upon bromination of diindandionylacenaphthenone in carbon tetrachloride and in glacial acetic acid, 
also upon bromination with dioxane dibromide in chloroform, in all cases the samecleavage products were 
obtained - indandionyleneacenaphthenone dibtomide and dibromoindandione, 

0.5 g of indandionyleneacenaphthenone dibtomide in aqueous suspension was boiled with 0.1 g of zinc 
dust for 30 minutes. The colorless substance gradually reddened, Crystallization of the precipitate from 
acetone yielded red crystals, m.p. 190-192°. The product contained no bromine and upon mixing with pure 
indandionyleneacenaphthenone, gave no meltingpoint depression. 

Reduction with zinc dust proceeded well in alcoholic solution of acenaphthenone dibromide, 

Azine of indandionyleneacenaphthenone (X). 1 g of indandionyleneacenaphthenone and 20 ml of 20% 
alcoholic solution of hydrazine hydrate was heated on a water bath for 30 minutes. The red substance rapidly 
changed to fine yellow crystals. Yield 0.8 g of the azine of indandionyleneacenaphthenone. m.p, 255-256°. 

It was readily soluble in glacial acetic acid, benzene, chloroform, soluble in alcohol, sparingly soluble in ace- 
tone and in carbon tetrachloride; insoluble in alkalis. 

Found N 9.11. QiHigONs, Calcd. <7o: N 9.15. 

SUMMARY 

The condensation of acenaphthenequinone with indandione gives the colorless diindandionylacenaph- 
thenone, One of its indandionyl groups Is bound quite weakly and is easily cleaved, in which connection an 
Indigoid-the ted indandionyleneacenaphthenone is formed. The latter easily adds indandione and again forms 
the diindandionylacenaphthenone. As a result, the mechanism for the formation of the diindandionyl derivative 
in the condensation of indandione with acenaphthenequinone was elucidated. 

The ethylene bond found in the indandionyleneacenaphthenone easily adds bromine to give a colorless 
dibtomide. -The dibtomide easily cleaves bromine when treated with zinc dust to give the starting red Indandionyl- 
eneacenaphthenone. 

The azine of the indandionyleneacenaphthenone was obtained. 
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CYCLOALKYLATION OF AROMATIC COMPOUNDS 


X. THE CONDENSATION OF 1, 4 -C YC LO HEX A N E DI OL 
AND 4-CHLOROCYCLOHEXANOL WITH BENZENE 

N. G. Sidorova and Yu. V. Valibekov 


In the previous paper [1] it was shown that in the reaction of 1-phenylcyclohexanoI with benzene 
tilt re pr ceeds, in addition to alkylation, also reduction of the starting alcohol to phenylcyclohexane. 

ince phcnylcyclohexanol can be regarded as being an intermediate product in the condensation of 
benzene with either glycols or chlotohydrins of the cyclohexane series, we studied the reaction of ben- 
zene with quinite* and with 4-chlotocyclohexanol. In the presence of aluminum chloride the aliphatic 
glycols react with benzene in diverse manner, depending on the character of the hydroxyl groups and 
the distance between them. In the presence of hydroxyls, attached to carbon atoms of different degrees 
of substitution, the condensation can proceed in stepwise manner [2-4], In the case of di -tertiary glycols 
the reaction proceeds immediately at the expense of both hydroxyls [3]. The condensation with chloro- 
hydrins can also proceed stepwise - the group attached to the most substituted carbon atom reacting 
first [5, 6], 

Of the cyclic glycols only 1, 2-cyclohexanediol was used for the alkylation reaction, which with 
anisole in the presence of boron fluoride gave p -cyclohexylanisole, 1, 3 -dianisylcyclohexane and 
4, 4'-dimethoxy-m-terphenyl, Similar results were obtained with ethylene oxide in the presence of 
boron fluoride, and with 1, 2-dichlorocyclohexane in the presence of aluminum chloride [7], Cyclic 
dihalo compounds have repeatedly been used for condensation with benzene under the influence of 
aluminum chloride. Here the 1, 2-dichloro- and 1, 2-dibromocyclohexanes [8] gave phenylcyclo- 
hexane and the 1, 3- and 1, 4-diphenylcyclohexanes, while 1, 2-dibtomocyclopentane [9] gave phenyl- 
cyclopentane and 1, 3 -diphenylcyclopentane. The reaction of 1 -phenyl-1, 2-dibtomocyclohexane 
with benzene failed to give any definite products [9], 

Ouinit'e entered into the reaction with great difficulty. With 2 equivalents of AICI3 the reaction 
failed to go at all, and only when the amount of AICI3 was increased to 3 equivalents did we obtain 

of the theoretical yield of mixed 1, 3- and 1, 4-diphenylcyclohexanes. The reaction was 
accompanied by secondary processes, and the products were contaminated with impurities. 

The reaction of 4-chlorocyclohexanol with benzene proceeded easily and gave phenylcyclohexane 
(with phenylcyclohexene as impurity) and a mixture of 1, 3-and 1, 4-diphenylcyclohexanes. In addition, 
tat was formed in all of the reactions. Its amount increased with increase in the phenylcyclohexane yield. 


• 1, 4-Cyclohexanediol. 
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Although the qualitative composition of the reaction products was the same in all of the condensations, 
still the yields of the separate fractions varied greatly, depending on the reaction conditions used (amount o 
aluminum chloride, its moisture conleiil, and the reaction temperature). As can be seen from the data in the 
table, the optimum conditions are; 1.1 equivalents of aluminum chloride, long standing of the reaction 
mixture at room temperature, and its short heating at 10*. With a smaller amount of aluminum chloride the 
reaction proceeds superficially, while with a larger amount the main product is phenylcyclohexane. 

The Results of Condensing 4 -Chlorocyclohexanol with Benzene in the Presence of Aluminum Chloride 


Nos. 

i Molar ratio 
of reactants 

Reaction conditions 

1 Yield of reaction products 

1 (in %) 

Duration of 
stirring at 

perature 
(in days) 

Length 

of 

heating 
(in hours) 

Tem- 

perature 

ClCsHioOH ; 
AlClaiCeHs 

Phenyl- 

cyclo- 

hexane 

Di- 
phenyl - 
cyclo- 
hexanes 

Total 




1 

10° 

29.7 

24.4 

54.1 


1:1 : 25 

7 

1 

70 

18.0 

34.3 

523 


1:1.1 :22 

5 

0.5 

70 

16.1 

67.2 

' 83.3 

4 

1:1.1 :24 

3 

0.5 

70 

24.6 

53.9 

78.5 

5 

1:1.1 :24 

1 

0.5 

70 

27.5 

26.5 

54.0 

6 

1 : 1.4 : 20 

3 

0.5 

70 

40.6 

27.5 

68.1 

7 

1 : 1.45 : 20 

2 

0.5 

70 

42.0 ’ 

24.0 

66.0 


1 : 1.45 : 17 

2 

0.5 

70 

44.0 

■ 15.4 

59.4 

9 

1:1 ; 22 

4 

1 

40-55 

48.7 

13.6 

62.3 

10 

1:1.1 :22 

2 

0.5 

40-50 

17.0 

31.5 

48.5 

11 

1 : 1.45 : 20 

2 

1 

40-50 

25.3 

22.6 

47.9 

12 

1:1 : 24 

1 

0.5 

70 

43.5 

12.1 

55.6* 

13 

1 : 1.4 : 20 

3 

0.5 

70 

24.6 

55.9 

80.5* 

14 

1 : 1.4 : 20 

1 

0.5 

70 

27.5 

61.2 

88.7* 

15 

1:1.3 :26 

1 

1 

70 

33.3 

46.1 

79.4* 


• Moist AICI3 was used. 


It seemed of interest to determine the influence of moisture in the aluminum chloride in connection 
with the statement [10] that only moist aluminum chloride evokes the formation of propylbenzene in the con- 
densation of allyl chloride with benzene. Moisture showed Uttle effect on the reaction of 1-phenylcyclohexanol 
with benzene [1]. In the studied reaction the experiments with moist aluminum chloride gave high yields of 
the diphenylcyclohexanes, but for this a certain excess of it was needed when compared with anhydrous 
aluminum chloride. With moist aluminum chloride the reaction products showed greater purity than when 
ordinary aluminum chloride was used, and the second fraction consisted almost entirely of 1, 4-diphenylcyclo- 
hexane. This shows the reduced isomerizing action of aluminum chloride in the presence of water [11]. 

In addition, we ran the reaction between 4 -chlorocyclohexanol and benzene in the presence of aluminum 
bromide to determine how the latter influences the formation of phenylcyclohexane. Aluminum bromide was 
found to be a mote effective catalyst in the condensation of 1-phenylcyclohexanol with benzene [1]. In the 
present case it gave the same results as were obtained with aluminum chloride under similar conditions. 

The isomerization, observed in the condensations of quinite and of 4 -chlorocyclohexanol with benzene, 
proceeds in both the alkylation process and as the rearrangement result of the initially formed 1, 4-diphenyl- 
cyclohexane. The heating of the latter with benzene and aluminum chloride gives a mixture of 1, 3- and 
1, 4 -diphenylcyclohexanes and phenylcyclohexane. The same products were obtained from 1, 3 -diphenyl- 
cyclohexane. 
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As a result, the action cf aluminum chloride on i, 3- and 1, 4 -diphenylcyclohexanes produces not only 
their partial mutual transitions into each other, but also their cleavage with the formation of phenylcyclohexane, 
which supports out earlier made [1] postulation on the two paths for the formation of the latter. However, the 
reverse reaction is also known [12]; 


2C„HoCr,H„ 


CijH,,,' 


/CeH.s 

"'■CiiH.s 


CeH,, 


Apparently, these processes have place in the condensation of 4 -chlorocyclohexanol with benzene. In 
this way the fact that condensation with 1 equivalent of aluminum chloride at low temperature gave phenyl- 
cyclohexane as the main product can be explained, while at the same time its yield was always lower under 
more drastic conditions. This suggests that phenylcyclohexane can be an intermediate product in the formation 
of diphenylcyclohexanes. 

In the reaction of 4 -chlorocyclohexanol with benzene the reaction, apparently, proceeds at first with 
only one functional group involved, but the 4-phenylcyclohexanol and 4 -phenylcyclohexyl chloride that are 
formed here react further with benzene in two directions, forming phenylcyclohexane and diphenylcyclohexanes, 
which readily migrate into each other under the reaction conditions. 

The fact that a mixture of 1, 3- and 1, 4 -diphenylcyclohexanes is formed, on the one hand, as the result 
of isomerization with the removal of phenyl groups, as was the case in the condensation of 1-phenylcyclohexanol 
[1] and of 1, 2-dichlorocyclohexane [8] with benzene, and on the other hand, as the result of partial isomeriza- 
tion with closet proximity of these groups, as was true in our case, suggests that of all of the isomeric diphenyl- 
cyclohexanes these isomers are the most stable. 


CeHjOH 



\^C1 


CgHs OH 



QHs CI(OH) 


EXPERIMENTAL 

1, 4-Cyclohexanediol (quinite) was prepared by hydrogenation of hydroquinone in the presence of 
Raney nickel (lO^o of weight of hydroquinone) at 130-170* and 100 atm. hydrogen pressure. The reaction was 
carried out in a 0.5 -liter rotating autoclave in ethyl alcohol solution. Yield 80-85*70. There resulted a mixture 
of cis- and trans -quinites which were used unseparated for further work. 

4 -Chlorocyclohexanol [13] w as prepared by heating quinite with hydrochloric acid (molar ratio 1;1) 
at 80-90* for 10 hours. Yield 47<7o. B.p. 105-110* (10 mm). 

Condensation of quinite with benzene. The reaction was performed in a 3 -necked flask fitted with 
thermometer, mechanical stirrer and reflux condenser connected to a calcium chloride tube and an outlet tube 
for hydrogen chloride. 20 g (0.15 mole) of finely powdered aluminum chloride was added in small portions 
with mechanical stirring to a suspension of 5.8 g (0.05 rnple) quinite in 90 ml (1 mole) benzene and the reaction 
mass was then heated for 4 hours at 70*. Decomposition was performed with ice water, acidified with hydro- 
chloric acid. The benzene layer was washed 2-3 times with dilute hydrochloric acid, then with water, was 
dried with potash and fractionated. A substance was obtained with b. p. 150-200* (12 mm), 1.2 g (10*7), based 
on diphenylcyclohexane), which was a viscous oily brick-red liquid. This fraction consisted mainly of 1, 3- and 
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1. 4-diphenylcyclohexanes, since upon dehydrogenating it with selenium at 350-380”, m-terphenyl was 
obtained (m.p. 88”) with an admixture of p-terphenyl (m.p. 210”). Both of these substances gave no melting 
point depression upon being mixed with known samples of m- and p-terphenyls. 

Condensation of 4-chlorocvclohexanol with benzene in the presence of aluminum chloride . For these 
reactions, the same apparatus and the same order of addition of the reagents was used as in the preceding 
case. After addition of all the aluminum chloride, the reaction mixture was stirred at room temperature and 
then heated on a water bath. In the reactions in which the effect of moisture was studied, after addition of 
aluminum chloride to the reaction mixture, several drops of water were added and the reaction was concluded 
in the usual manner. The separation of products was as usual. Distillation always yielded two fractions; 

1st - phenylcyclohexane (with admixture of phenylcyclohexene), b.p. 95-105° (8 mm): 2nd - mixture of 

l, 3- and 1, 4-diphenylcyclohexanes, b.p. 170 -190” (8 mm). A resinous residue remained after distillation. 

Only in one case was a fraction with b. p. 140 -150 “(16 mm) obtained. Evidently, it contained phenylcyclo- 
hexanol. We could not repeat this result. The results of the condensation ate given in the table. The first 
fraction gave a positive reaction for double bond and a negative one for halide. To remove phenylcyclohexene, 
the fraction was treated with warm sulfuric acid (d 1,76), then washed with water, dried with calcium chloride 
and distilled over sodium. After this purification, phenylcyclohexane had b.p. 110” (10 mm), df 0.9489, 

n.^ 1.5292. For purposes of identification we prepared p-nitrocyclohexylbenzene, m.p. 57” and p-cyclo- 

hexylacetanilide, m.p. 128”. The second fraction was a light -yellow mixture of Uquid 1, 3 -diphenylcyclo- 
hexane and 1, 4-diphenylcyclohexane crystals. After recrystallization from alcohol. 1, 4 -diphenylcyclohexar)e 
melted at 168-169”. It was dehydrogenated with selenium at 350-380” and gave p-terphenyl, m.p. 210”. 

Upon dehydrogenation, the liquid portion gave m-terphenyl, m.p. 88” and a small amount of p-terphenyl. 

Both of these compounds were Identified by mixture tests with known samples. 

Condensation of 4-chlorocvclohexanol with benzene in the presence of aluminum bromide . The reaction 
was carried out in the same manner as the condensations in the presence of aluminum chloride. Taken: 

6.7 g (0.05 mole) 4-chlorocyclohexanol, 90 ml (1 mole) benzene and 19.3 g (0,072 mole) AlBtj. After 
addition of all the aluminum bromide, the reaction mixture was stirred for 24 hours at room temperature and 
then heated for 30 minutes at 70”. Yield 3.5 g (43.5'yo) phenylcyclohexane, b.p. 107-115° (10 mm) and 3.0 g 
{25.5%) of a mixture of 1, 3- and 1, 4-diphenylcyclohexanes, b.p. 185-195” (10 mm). The last fraction was 
a mixture of liquid with crystals (m.p. 169”). From phenylcyclohexane we prepared the nitro compound, 

m. p. 57”: the diphenylcyclohexanes were identified by dehydrogenation with selenium at 350-380” to m- and 
p-terphenyl (m.p. 88 and 210”). 

Reaction of 1, 4 -diphenylcyclohexane with AICI3. 1.5 g of finely ground aluminum chloride was gradually 
added with constant stirring to a solution of 3 g of diphenylcyclohexane in 50 ml benzene. The reaction mix- 
ture was stirred at room temperature for 2 hours and then heated on a water bath at 70” for 30 minutes. The 
mixture was decomposed with ice water, acidified with hydrochloric acid, the benzene layer was washed with 
water and dried with calcium chloride and fractionated. Distillation yielded 0.7 g phenylcyclohexane, 
b. p. no -115“ (15 mm) and 1.4 g of a mixture of 1, 3- and 1, 4-diphenylcyclohexanes, b.p. 150-200” (14 mm). 
The first fraction did not contain phenylcyclohexene (negative reaction for double bond). Upon standing, some 
crystals of 1, 4-diphenylcyclohexane, m. p. 169” came down from the second fraction. The same results were 
obtained by the action of aluminum chloride on 1, 3 -diphenylcyclohexane. 


SUMMARY 

1. The reaction of quinite with benzene in the presence of aluminum chloride yields 1, 3- and 1. 4- 
diphenylcyclohexanes in small amount. 

2. The reaction of 4-chlorocyclohexanol with benzene in the presence of either AICI3 or AlBrj proceeds 
in two directions: a) alkylation proceeds with the formation of 1, 3- and 1, 4-diphenylcyclohexanes, and 

b) there is formation of a considerable amount of phenylcyclohexane with phenylcyclohexene as impurity. 

3. Under the influence of aluminum chloride there is partial isomerization of 1, 4-diphenylcyclohexane 
into phenylcyclohexane and 1, 3-diphenylcyclohexane. 
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> NEW SYNTHESIS OF 6 -4 -N IT ROPHEN Y L - 6 - A L A NINE 


V. M. Rodionov*, N. N. Suvorov and V. G. Av 


For the purpose of studying the physiological properties of 8 -amino acids we decided to synthesize 
the 6-analogs of the mote important a -amino acids, and first we decided to synthesize 8 -4 -hydroxy -3, 5- 
diiodophenyl-8 -alanine - ”6 -diiodotyrosine". This substance is most conveniently prepared by the direct 
iodinatlon of 8 -4-hydroxyphenyl-6 -alanine, in the future called 6 -tyrosine. The latter was first obtained 
by Posner [1] in very low yield from the rather difficultly available p-hydroxycinnamic acid. It seemed to 
us that 6 -4-nitrophenyl-8 -alanine could prove to be a sufficiently good starting material for the synthesis 
of the corresponding hydroxyamino acid. 8 -4-Nitrophenyl -8 -alanine was also obtained by Posner [2] by 
the constant boiling of p-nitrocinnamic acid with alcoholic hydroxy lamine solution for 240 hours. Since 
this method did not permit out obtaining the needed nitroamino acid easily and in large amounts, it became 
necessary for us to find a preparative method for the synthesis of 8 -4-nittophenyl-8 -alanine. 

Our preliminary experiments revealed that the application of the V. M. Rodionov reaction to p-nitro- 
benzaldehyde also cannot serve as a satisfactory method for the preparation of the needed amino acid (the 
yield failed to exceed as a result of which we turned to the direct nitration of B-phenyl-B -alanine, 
it is known that in the nitration of 6 -phenylalanine, according to the data of Erlenmeyer and Lipp [3], 

8 -4-nittophenylalanine is formed in almost quantitative yield. The nitration of aromatic 6 -amino acids 
has not been studied. 

As a result of a number of experiments we selected the optimum conditions for the nitration of 
6 -phenyl-6 -alanine ; the reaction was run at 5-8° by the method of adding a very slight excess of nitric 
acid (d 1.51) to a solution of the amino acid in concentrated sulfuric acid. The reaction product was 
isolated as the sulfate, in which connection its total yield was 76 '^o . The structure was established by the 
method of potassium permanganate oxidation, followed by the separation of the mixed isomeric nitrobenzoic 
acids using the Griess method [4], Here we were able to isolate p -nitrobenzoic acid (56% of the 

total amount of oxidation products), m -nitrobenzoic acid (25%) and an unidentified substance with 
m. p. 123-125° (3.3%). Unfortunately, we were unable to conclusively establish the presence of o-nitro- 
benzoic acid, probably due to its greater tendency to oxidize than is shown by the other isomeric nitro- 
benzoic acids. As a result , it must be assumed that the nitration of 6 -phenyl-6 -alanine, in contrast to 
the a-isomer, leads to a mixture of nitroamino acids, in which connection the para- and meta- isomers 
are formed in appreciable and comparatively similar amounts; the amount of the o-nitroamino acid is 
probably small: 




/ 



K 


1 


OjN-/ '\-CH-CH2-COOH 
NHa 


/ \-CH-CH2-COOH 

\ / I 

NHa 


OaN^ 

+ H^ / \-CH-CH2-COOH 

NHa 

NOa 

/ \-CH-CH2-COOH 
NHa 


It Is interesting to compare these results with some of the data, obtained in the nitration of various 
aromatic and fatty-aromatic (aralkyl) amines. Thus, the nitration of trimethylphenylammonium sulfate leads 
exclusively to the formation of the meta- isomer. In the case of trimethylbenzylammonlum sulfate the meta- 
isomer is formed in 88 yield, while trimethyl- (8 -phenylethyl)-ammonium sulfate already gives a mixture 
of the ortho- and para - isomers in a total yield of 81<7o [5]. As a result, with its removal away from the 
aromatic ring the influence of the positively charged ammonium grouping is weakened, and ortho- and para- 
orientation appears, characteristic for alkyl substituents. Probably, in our case also there exists the concurrent 
influence of alkyl side chain and ammonium nitrogen, which serves to explain the appearance of the meta- 
isomer, not observed in the case of nitrating the corresponding o(-amino acid. 

Proceeding from these theoretical considerations, we decided to nitrate N-acylated 6 -phenyl-6 -alanine, 
the nitrogen of which is incapable of migrating into the ammonium state, which should essentially decrease 
the possibility of forming the meta- isomer, and, actually, in the nitration of N-benzoyl-, N-carbomethoxy- 
and N -acetyl -6 -phenyl-6 -alanine the p-nitro derivatives were obtained in high yield. The structure of 
N-acetyl-6-4-nitrophenyl-6-alanine was shown by oxidation to p-nitrobenzoic acid. The behavior of these 
acyl derivatives under acid hydrolysis conditions is interesting; ai the same time that the hydrolysis of the 
catbomethoxy derivative falls to proceed even under prolonged (many hours) boiling with concentrated hydro- 
chloric acid, while the benzoyl derivative shows partial hydrolysis under these conditions, the N -acetyl-6 -4- 
nittophenyl-8 -alanine under acid hydrolysis easily and smoothly yields the corresponding amino acid. 

All of the above data permitted us to develop a convenient preparative method for obtaining 6 -4-nitto- 
phenyl-8 -alanine by the following scheme; 


\-CH-CHa-COOH — ^-CH-CHa-COOH " 
/ I ^ ^ J... 

NHa 
+HNO, 


OaN- 


NHCOCH3 

^-CH-CHa-COOH 

NHCOCH, 

^-CH-CHa-COOH 


NHa 
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To further characterize the 6 -4-nitrophenyl-8 -alanine we prepared the corresponding 6-ureido acid 
and dihydrouracil, and also the ethyl ester of N-acetyl-6-4-nitrophenyl-6 -alanine. 


experimental 

Nitration of 6 -phenyl-6 -alanine. 6 -Phenyl-8 -alanine was prepared according to T. Johnson [6]. 
Yield bO.5'^0, M. p. 213-213.5* (with decomp.). 6.66 g (0.04 mole) of the amino acid was dissolved with 
stirring in 10.8 ml (20 g) sulfuric acid (d 1.84) and the reaction mixture heated to 25-30*. The homo- 
geneous solution was cooled to 0* and 2 ml (3.06 g, 0.047 mole) of nitric acid (d 1.51 ) (temperature of 
reaction mixture 5-8*) was added to the solution drop-wise with vigorous stirring, the mixture was stirred 
15-20 minutes more at room temperature and then poured on ice. Yield 3.41 g substance, m. p. 230' 

(with decomp.); after rectystallization from water, it had m. p. 229-230* (with decomp.).’ The substance 
gave a positive reaction for SQi ion while percentage analysis showed it to be the neutral sulfate of the 
mononitro derivative. 

Found 7o: C 41.47, 41.50; H 4.46, 4.51; N 10.86. 10.68. (C 9 H,„ 04 N 2 )-H,S 04 . Calculated <?o; C 41 72; 
H 3.92; N 10.80. 

The wash waters were combined with the acidic mother liquor and the combined liquor was heated 
almost to a boil and neutralized with a hot suspension of lead carbonate (Congo). The precipitate was re- 
peatedly washed with hot water by decanting until the yellow coloration of the solution disappeared, 
separated and twice washed with hot water on a filter. The filtrate, combined with the wash waters, was 
saturated with hydrogen sulfide, the precipitate was decanted, filtered off and the resulting solution was 
at first steamed down over a wire gauze, then on a water bath. Gradual concentration yielded 4 portions 
of substance; 0.83 g (m. p. 213*, with decomp.), 1.66 g (m. p. 213" , with decomp.), 0.93 g (m. p. 207.5" 
with decomp.), 0.2 g (m. p. 206.5*. with decomp.). After addition of a small quantity of alcohol to the 
mother liquor, 0.05 g more of substance, m. p. 200* (with decomp.), came down. Total yield 3.67 g. 
Analysis of sample of substance with m. p. 213“; 

found <7o: C 51.29, 51.21; H 4.87.4.95; N 13.49, 13.31. CjHioQjNj. Calculated ‘7o- 
C 51.45; H 4.80; N 13.35. 

Total yield of nitroamino acid 6.43 g (76%). 2.76 g of it recalculated on 3.41 g of its sulfate. 

Oxidation of nitration products. 15.9 g (0.08 mole) mixture of nitroamino acid and its sulfate, 
prepared by nitration of 15 g 8 -phenyl-6 alanine was added to a solution of 55 g (0.35 mole) potassium 
permanganate in 660 ml water, the calculated quantity of potash was added to neutralize the sulfuric acid 
and the reaction mixture was boiled for 4 hours. The precipitate of manganese dioxide was repeatedly 
washed with hot water by decantation, the wash waters were combined with the main bulk of solution and 
steamed almost to dryness. The solid precipitate was dissolved in hot water and poured into a hot solution 
of hydrochloric acid (1:3). 8 g mixture of nitrobenzoic acids (A) (64%) was obtained. The filtrate was 
repeatedly extracted with ether; from the ethereal extractions was isolated 0.31 g dark-brown oily sub- 
stance which was not investigated further. 

Mixture A was dissolved in approximately 800 ml hot water, filtered, and the precipitate which came 
down upon cooling was separated off. Yield 4 g substance, m. p. 200* (B). The substance, recrystallized 
from benzene, had m. p. 233-235" and gave no melting point depression in test mixture with p-nitrobenzoic 
acid. The mother liquor of A was steamed down, neutralized with hot barium hydroxide solution and 
precipitate (C) was separated, the mother liquor was then acidified with hydrochloric acid (1; 3) onCongo, 
0.78 g of substance came down and 0.55 g mote of substance (D) came down from the filtrate, m. p. 133-134". 
After recrystallization from water and benzene, it had m. p. 139-140° and gave no melting point depression 
in mixture with sample of m -nitrobenzoic acid. Residue (C) was repeatedly extracted with small portions 
of water, the aqueous extracts were combined and neutraUzed with hydrochloric acid; 0.25 g substance. 
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m p. 120° was separated from the filtrate; after two recrystallizations from water, it had m. p. • 

A mixed melting point test with o-nitrobenzoic acid gave a considerable depression. Due to t e mi 
quantities of this substance, further investigation was not carried out. Residue (C) was dissolve in 
approximately a 30 -fold quantity of hot water and acidified (Congo). Yield 0.45 g substance with m. p. 
128-130°, 0.2 g more of same substance from filtrate; it was m-nitrobenzoic acid. Resolution of the 
mixture of Isomeric nitrobenzoic acids yielded p-nitrobenzoic (4.45 g, ) and m -nitrobenzoic ( g, 
25-70) acids and a substance with m. p. 125° (0.25 g, 3.3<7o). Presence of o -nitrobenzoic acid not detec . 

Nitrat ion of N -benzoyl- S -phenyl -0 -alanine. N -benzoyl -S -alanine was prepared by benzoylation 
of the corresponding amino acid (Schotten-Baumann), yield 92,6 ’’to, m. p. 194-195.5 . Literature 
m. p. 194-195° [7]. 

a) 5 g (0.018 mole) powdered benzoyl derivative was mixed, upon vigorous stirring and cooling to 
0° with 8.3 ml sulfuric acid (d 1.84) and to this suspension, drop-wise, was added 0.8 ml (1.21 g, 0 019 
mole) nitric acid (d 1.51) at 0 -5°, the reaction mass was stirred for 1 hour at room temperature and then 
poured on ice. A resinous precipitate came down which could not be crystallized. 

b) 9 54 g (0 035 mole) finely ground N-benzoyl- 6 -phenyl -6 -alanine was gradually added to a 
nitrating mixture (cooled to -16°). prepared from 3 g (0.037 mole) ammonium nitrite and 30 ml (16,3 g) 
sulfuric acid (d 1.84) at such a rate that the temperature did not rise above 6°. The viscous mixture 
was stirred for 1 hour more and poured on ice. Yield about 12 g of resinous substance which softened at 
30° It was soluble in methyl and ethyl alcohol, ethyl acetate and in glacial acetic acid but was insoluble, 
even upon heating, in concentrated hydrochloric acid. After many months of standing, the substance 
crystallized. A sample, twice recrystallized from dilute acetic acid, melted at 173 -175° with decomposi- 
tion and corresponded to the N -benzoyl derivative of 6 -mononitrophenyl-B -alanine. 


Found-yo: N 9.01, 8.92. . Calculated <7o: N 8.91. 

A melting point test mixture with a sample of N-benzoyl -6 -4-nittophenyl-6 -alanine (m. p. 181-183 ), 
prepared by benzoylation of the corresponding nitroamino acid, decomposed at the same temperature. A 
slight melting point depression Is due. evidently, to the difficulty of removing the unnitrated product. 

N-Catbomethoxv-6-phenvl-B-alanine. 18 ml (22 g, 0.23 mole) methyl chlorocarbonate was added 
drop -wise, with stirring and at -2 to +1°. to a cooled solution of 30 g (0.18 mole) B -phenyl-B -alanine in 
306 ml lO-yo caustic soda solution and the reaction mass was stirred for 1 hour at room temperature and 
acidified with hydrochloric acid (1:2) (Congo). The oil that came down crystallized upon standing. Yield 
26.5 g (65.5-70): m, p. 135-136°. Recrystallization from glacial acetic acid did not change the melting 

Found -7o: C 59.02, 59.00; H 6.01, 5.91; N 6.52, 6.56. C11HUQ4N. Calculated 7o: C 59.15; 


H 5.88; N 6.28. 

Nitration of N-carbomethoxy- B -phenyl-B -alanine. a) 3.8 ml (5.7 g, 0.09 mole) nitric acid 
(d 1.51) was added gradually, with stirring, to a suspension, cooled to 0°, of 10 g (0.045 mole) carbomethoxy 
derivative in 14 ml sulfuric acid (d 1.84) at such a rate that the temperature did not exceed 17°. The 
mixture was stirred for still some time and poured on ice. The oil that came down crystallized overnight. 
The crude product was purified by recrystallization from aqueous alcohol to which activated carbon was 
added. Yield 3.43 g (about 30 %■, ra. p. 152-154°. After recrystallization from ethyl acetate, the sub- 
stance melted at 159-160°. 


Found -7o: C 49.29. 49.25; H 5.28, 5.14. CuHuOgNj. Calculated C 49.23; H 4.52. 
b) 3 ml (4.6 g. 0.07 mole) nitric acid (d 1.5) was added drop-wise with stirring at room temperature 
to a solution of 8 g (0.027 mole) carbomethoxy derivative in 50 ml glacial acetic acid. The mixture was 
stirred for a half hour more and heated for a half hour on a water bath (at 80°); further heating was stopped 
due to the formation of nitrogen oxides. Upon cooling, crystals came down (5.2 g) which had the same 
melting point as the initial substance and gave no melting point depression in a mixture test. 
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c) A nitrating mixture of 5 ml sulfuric acid (d 1.84) and 4.8 ml (7.4 g, 0.12 mole) nitric acid 
(d 1.5) was gradually added with stirring at 20 -30° to a suspension of 13 g(0.044 mole) N -carbomethoxy - 
6 -phenyl- 6 -alanine in 25 ml glacial acetic acid; the carbomethoxy derivative completely dissolved. 

The reaction mixture was stirred for 15 minutes more and poured on ice. The precipitate (11.1 g) was 
washed well with water and dried. M. p. 130 -132°. There was no melting point depression of a test 
mixture with the initial substance. 

N -Acetyl- B -phenyl-B -alanine. 20 ml (20 g, 0.19 mole) acetic anhydride was added drop -wise 
with stirring at 6-10' to a solution of 20 g (0.12 mole) B -phenyl-B -alanine and 23 g caustic soda in 
200 ml water and the mixture was stirred for an hour more until the odor of the anhydride disappeared and 
then acidified with hydrochloric acid (1: 2). .Yield 22 g ( 90.8-70), M. p. 160-162° [7], 

N itration, of N -acetyl -B -phenyl-B -alanine. 6.7 ml (10.22 g, 0.15 mole) nitric acid (d 1.51) was 
gradually added with stirring at 0-5° to a mixture, cooled to 0°, of 28 g (0,13 mole) acetyl derivative and 
45 ml sulfuric acid (d 1.84) ; the reaction mixture was stirred for 1 hour at room temperature and poured 
on ice. The resinous substance which came down rapidly crystallized. Yield 28.5 g, m. p. 186° (with 
decomp.). Recrystallization from water yielded 20.5 g ( 60<7o) mononitro product with m. p. 205-206'- 
(with decomp.). 

Found -70: N 10.96, 10.90. CjiHiANj . Calculated -7o; N 11.11. 

2.6 g pure substance was oxidized with 7.5 g potassium permanganate in 90 ml water and treated as 
described above. Isolated 0.9 g p-nitrobenzoic acid (SO-Yo of supposed mixture of nitrobenzoic acids); no 
other products were detected. 

Ethyl ester of N-acetyl- B -4 -nitrophenyl-B -alanine was prepared by treatment of the acylamino 
acid successively with thionyl chloride and alcohol. Yield 82-7), m. p. 123-124,5° (from benzene). 

Found -7o: N 9.83, 9.96. CjsHijOsNa. Calculated -7o: N 10.11. 

B -4 -N-tropheryl B -alanine. 10 g (0.04 mole) N-acetyl-B -4 -nitrophenyl-B -alanine was boiled for 
2 hours with 60 ml hydrochloric acid (1: 1), Upon cooling, we obtained 8.2 g substance with m. p, 218-220° 
(With decomp.). Analysis proved it to be the hydrochloride of the desired nitroamino acid. Yield 84-7o. 

Found -7o: N 11.58, 11.40. CgHioQiNj • HCl. Calculated -70: N 11.36. 

The free amino acid was obtained by treating the hot solution of the hydrochloride with a saturated 
solutlo.-. of sodium acetate until there was no acid reaction onCongo. Yield 907o, based on the hydrochloride 
a.-jo 75-70, on the acetyl derivative. After recrystallization from 30-7o aqueous alcohol, 6 -4 -nitrophenyl-B - 
alanine had m. p. 220-226° (with decomp.) Posner gives m. p. 226* [2]. 

N 13.62, 13.50. CjHjjQiNj. Calculated -70: N 13.35. 

The N -benzoyl derivative was obtained by benzoylation of the given amino acid (Schotten-Baumann). 
Yield 7570. M. p. 181-183° (from dilute acetic acid). 

f ound 7o: N 8.62, 8.74. CisHj405N2. Calculated 7o; N 8.91. 

B -4 -Nitrophenyl-B -ureidopropionic acid, A mixture of 2.1 g (0,01 mole) B -4-nitrophenyl-B -alanine 
and S g (0.13 mole) urea in 45 ml water was boiled for 15 hours on a water bath, then several milliliters of 
470 aqueous alkali was added to the hot solution; it was then cooled and acidified with hydrochloric acid 
(1: 3) (Congo). The yellow crystals which came do'wn upon rubbing with a tod were separated and washed 
with water and alcohol. Yield 1.95 g 6 -ureido acid with m. p. 180° (with frothing). After recrystallization 
from 507 i> aqueous alcohol, the melting point was unchanged. 


I ound7o: N 16.73. 16.51. CjaHuOsN,. Calculated 7o: N 16,60. 



I 
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Upon boiling 1.2 g nieldoaold ,ltb 10 ml conobnti.ted ' J,‘ilTo“-<“-nu“ - 

obtained which melted at 238-240° with decomposition and corresponded me p 
phenyl) -dihydrouracil. 

Found <70: N 18.00, 17.88. CjoHjOiN,. Calculated “T,: N 17.87. 


1 The nitration of 8 -phenyl-S -alanine was studied and it was shown that here a mixture of 
B-4-mtrophenyl-B -alanine and 6 -3 -nitrophenyl-B -alanine is obtained, in which connection 
compound is formed in predominant amount. 

2 The nitration of N -acyl derivatives of B -phenyl-B -alanine was studied and it 
that they are converted in good yields into the corresponding N-acyl derivatives 

phenyl-6 -alanine. On the example of N -acetyl-6 -phenyl-B -alanine it was shown that the group 
enters at the para- position to the side chain. 


3. A preparative method for obtaining B -4 -nitrophenyl- B -alanine i 
is characterized by the preparation of a number of derivatives. 


IS developed, and the compound 
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BEHAVIOR OF DIPHENYL- AND T RI P HE N Y LA MIN ES TOWARD 
OXIDIZING AGENTS. X. 

V. S. Smirnov 


In a series of studies made by N. Ya. Demyanov and cowotkers [1] the opinion was expressed that the 
direction of the oxidation process depends on the nature of the amine, the temperature, the reaction medium, 
and especially the nature of the oxidizing agent. As was established, the oxidation process, once it has 
started, passes through a number of intermediate phases to the final products. Frequently it is impossible to 
isolate the intermediate products. 

For many years the author and coworkers, have studied the behavior of polymethylene and aliphatic 
amines toward various oxidizing agents [2], and a number of ways have been found to experimentally prove 
the theories expressed by N. Ya. Demyanov [3] on variation in the reaction medium, surface tension and 
viscosity in the process for the oxidation of amines. 

Wieland established in 1911 [4] that tetraphenylhydrazine (m. p. 147° with decomposition) is formed in 
the careful oxidation of diphenylamine with potassium permanganate in acetone solution. This compound 
gives colorless solutions in the cold. If a solution of tetraphenylhydrazine in toluene is heated to 70°, it 
acquires a greenish-brown color, ascribed to free radical formation. The color vanishes in the cold, and the 
starting tetraphenylhydrazine can be isolated from the solution. 

In this communication we followed the transformations of diphenyl- and triphenylamines in concentrated 
sulfuric acid solution. The process for the transformation of diphenylamine in sulfuric acid solution probably 
proceeds by Scheme (1): 




>NH ^ H20-t-2 


CsH/ ^CbHb 


CoHsOH-t-NHa. 


The process for the transformation of triphenylamine when it is oxidized in the presence of sulfuric acid 
proceeds by Scheme (2): 


CeHsv C,H5\ 


(2) 


and then by Scheme (1). 

EXPERIMENTAL 

Oxidation of Diphenylamine. a) With hydrogen peroxide. 25 g diphenylamine was dissolved in 60 ml 
HjSQ, (d 1.84) and the flask was then fitted with a reflux condenser and the apparatus was placed on a water bath. 
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Perhydrol (100 rrs!) was added to the solution in small portions in the course of 64 hours of heating. The 
oxidation proceeded smoothly. A black precipitate formed which was filtered off. The sulfuric acid 
anion was removed in the filtrate with saturated barium chloride solution. A small quantity of the 
filtrate was treated with alkali and an odor of ammonia was noted. The other part of the filtrate was 
treated with Nessler's reagent. The characteristic orange coloration appeared and a red-brown pre- 
cipitate came down. The black precipitate was repeatedly treated with hot water on a filter. The 
sulfuric acid anion was removed. The solution was steamed down to low bulk. Upon standing, 
crystalline phenol (0.34-0.49 g) came down which with ferric chloride gave a violet coloration and 
also the Meltzer reaction and the reaction with Millon's reagent. A parallel experiment gave similar 
results. 

b) With potassium permanganate. 25 g diphenylamine was dissolved in 60 ml HjSO^ (d 1.84) 
and the flask was fitted with a reflux condenser. Heating on a water bath was continued for 64 hours. 

50 g KMn 04 was added in small portions. 100 ml water was added. The resulting black precipitate 
was filtered off. The sulfuric acid anion was removed from the filtrate with saturated barium chloride 
solution. Ammonia was detected by the action of alkali and Nessler's reagent on the filtrate. The 
black precipitate was repeatedly treated with small portions of hot water. The sulfuric acid anion was 
removed from the solution with a saturated solution of barium chloride and the solution was steamed 
down to low bulk. Yield phenol (0.3 -0.5 g), gave the characteristic qualitative reactions with ferric 
chloride, and the Meltzer and Millon reactions. A paralleTexperiment gave similar results. 

Triphenylamine was synthesized from iodobenzene and diphenylamine by prolonged boiling 
with potash solution and powdered copper. M. p. ~ 126.8° after recrystallization from diethyl ether. 
After treatment with sulfuric acid and sodium nitrite and upon fusion with oxalic acid, it gave blue dyes 
of unknown structure. 

Oxidation of triphenylamine. a) With hydrogen peroxide. 30 ml H 2 SQ 4 (d 1.84) was added to 
10 g triphenylamine, dissolved in 50 ml acetone. The reaction conditions and treatment of products 
were the same as those described for the oxidation of diphenylamine. Ammonia and phenol (0.22-0.39 g) 
were obtained. Phenol gave marked qualitative reactions with ferric chloride, also the Meltzer and 
Millon reactions. A parallel experiment gave analogous results. 

b) With potassium permanganate. 50 ml sulfuric acid (d 1.84) was added to 10 g triphenylamine, 
dissolved in acetone. The reaction conditions and treatment of products were analogous to those described 
for the oxidation of diphenylamine. Ammonia and phenol (0.39 g) were obtained. Phenol gave marked 
qualitative reactions. A parallel experiment gave analogous results. 

SUMMARY 

1. The oxidation of diphenylamine with hydrogen peroxide in sulfuric acid solution yields phenol 
and ammonia. The presence of tetraphenylhydrazine in the oxidation products could not be shown. 

2. The oxidation of triphenylamine with either hydrogen peroxide or potassium permanganate in 
acetone solution, with the addition of sulfuric acid, yields phenol and ammonia. 

3. The process for the transformation of diphenyl- and triphenylamines in their oxidation in 
sulfuric acid solution, judging from the final oxidation products, is comparable to the diazotlzation 
reaction for aniline; the difference consists only in the form of the cleaved nitrogen. 
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BEHAVIOR OF CYCLOHEXANONE AZINE AND PHEN Y LHY DRA ZON E TOWARD 


OXIDIZING AGENTS. XI. 

V. S. Smirnov 


In the oxidation of cyclohexylamine in the presence of copper [1] it was established that oxidative , 
deamination takes place through the corresponding hydroxyamine stage. In the oxidation of cyclohexanone 
oxime with either hydrogen peroxide or potassium permanganate [2] it was established that a similar mechanism 
prevails for the transformation of the oxime. To establish the mechanism for the oxidation of polymethylene 
amines it appeared desirable to trace the behavior of other nitrogen -containing cyclohexanone derivatives so 
as to have a more complete picture of the transformations shown by this group of nitrogen compounds. 

The process for the transformation of the azine and phenylhydtazone probably proceeds in the following 
manner; 


C8Hio=N-N=C8Hio CBHloO-^•NH3, 
CflHio^N-NH-CgHs ^ CgHsOH-i-CsHioO-^^ NH3. 


EXPERIMENTAL 

The azine of cyclohexanone was prepared by heating cyclohexanone with hydrazine hydrate in alcoholic 
solution [3]. The azine, recrystallized from ether, had m. p. 33-34.5*, as per literature data [3, 4]. 

Oxidation of azine of cyclohexanone, a) With hydrogen peroxide. 90 ml of perhydrol was added in 
separate portions to 11 g of the azine of cyclohexanone. Heating on a water bath was continued for 64 hours. 

The resulting solution was yellow and had a pungent unpleasant odor. Distillation yielded fractions: 1st, 
b. p. to 125*, 2nd, above 120*. The residue in the distilling flask gave off ammonia. Upon treatment with 
caustic soda, the 1st fraction gave off ammonia. Nessler’s reagent brought down a red-brown precipitate. The 
2nd fraction divided into two layers. The upper cyclohexanone layer was separated. Yield 0.4 g. 

b) With potassium permai^anate. An aqueous solution of potassium permanganate (30 g in 80 ml water) 
was added in separate portions to 11 g azine of cyclohexanone, 10 ml sulfuric acid was added. The experiment 
was carried out as described above. Nessler's reagent brought down a red-brown precipitate. The 2nd fraction 
divided into two layers. The upper layer yielded 0.52 g cyclohexanone. The semicarbazone was prepared, 
which after recrystallization from boiling alcohol, came down in the form of fine crystals, m. p. 163-166*, 
corresponding to the semicarbazone of cyclohexanone. 

Oxidation of phenylhydrazone of cyclohexanone, a) With hydrogen peroxide. 14 g of the phenylhydtazone, 
dissolved in 60 ml toluene, was taken for the oxidation. 70 ml perhydrol was added. Heating was continued 
for 64 hours. Two layers formed in the reaction flask. The upper layer was separated. Toluene was driven off. 
Isolated 0.4 g cyclohexanone. After toluene was driven off, a great deal of resinous product remained- in the 
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V V, in ir. V,iid state was very difficult to pulverize mechanicaily. Tie resinous produce was^ - 
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alkali caused ammonia to be given off. 
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solution. Heating was for 64 hours. 10 ml sulfuric acid (d 1.8 ) cyclohexanone 

plete, the black precipitate was rLr^stallization 

was separated as the upper layer. From it w p p icdt ififi" corresDondine to the serai - 

from boiling alcohol, came down in the form of ine a\ard resinous 

carbazone of cyclohexanone. After toluene was driven off. the lower layer soliditiea 
mass in which phenol and ammonia were detected. 

SUMMARY 

1. The oxidation of cyclohexanone azine with either hydrogen peroxide or potassium permanganate 
yields cyclohexanone and ammonia. 

2. The oxidation of cyclohexanone phenylhydrazone with either hydrogen peroxide or potassium 
permanganate yields cyclohexanone, phenol and ammonia. 
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FORMATION OF POLYAMIDE RESINS 

V PARTICPATION OF POLYMERIZATION .'.ND POLY CONDENSATION REACTIONS IN TR.tNSFORMATION 
OF e-CAPROLACTAM INTO POLYMERS 

A . S . Shpitalny 


Earlier [1] we had concluded that 7-membeted lactams are capable of being transformed into polymers, 
either by stepwise (hydrolytic) polymerization or as the result of polycondensation. From this conclusion it 
followed that under suitable conditions for the transformation of e -caprolactam (for example, in the presence 
of water), where the formation of two functional groups in one molecule is possible, which would differ in 
their sign of polarity, both of these processes will proceed simultaneously. Since the mechanism of poly- 
amide resin formation from monomers of diverse structure is a current discussion topic [2, 3], we considered 
it advisable for us to contribute some additional data, supporting the above described transformation 
scheme for e -caprolactam. To obtain these data we made use of the experimental material on the trans- 
formation of e-caprolactara into polymer, already adapted by us to admit [1. 4) of only one reaction, 
either polymerization or polycondensation, and also of a series of experiments on the formation of polymer 
from 6 -caprolactam in the presence of variable amounts of water and for different lengths of time. 

We studied the transformation of e -caprolactam into polymer on the example of reacting adipic 
acid with e -caprolactam. In contrast to the earlier experiments in this direction [1, 4], in the present 

TABLE 1 

Reaction of Adipic Acid With £ Caprolactam 


Molar ratio adipic 

Temperature 

Duration of the process 

Amount of reacted 

1 Molar ratio adipic 

acid; 


(in hours) 

£ -caprolactam 

acid: £ -caprolactam 

£ ■ caprolactam 



(in % 

j in the reaction 





' products 

5 : 100 

220“ 

2 

3.8 

1 : 1 

5 : 100 

220 

8 

20.9 

1 : 4 

5 : 100 

220 

24 

78.7 

1 : 16 

1:1 

220 

2 

68 

_ 

1 ; 1 

220 


100 

1 : 1 


case we prepared polymers with a high molecular weight, and we also varied the length of reaction time. 

The data in Table 1 show that the rate for the transformation of e -caprolactam into its reaction 
product with adipic acid depends on the concentration of the latter in the reaction mass. Small amounts 
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of adipic acid retard the reaction, while large amounts accelerate it. Thus, at 220° and a molar ratio 
adipic acid : e -caprolactam of 5:100 , even when the process is run for 24 hours, only 78.7 fo of the 
caprolactam reacts, whereas with a reactant molar ratio of 1 : 1 three hours is sufficient for all of the 
caprolactam to react. 

It is necessary to emphasize that reaction in these experiments was exclusively stepwise poly- 
merization. The participation of even traces of moisture was excluded by keeping the starting 
reactants in a desiccator for a long time over phosphoric anhydride. Consequently, the appearance in 
the literature [2] of statements that organic acids, in the absence of water, “do not catalyze" the 
transformation of e -caprolactam into polymer, should be regarded as being due to insufficient ex- 
perimental data on the reactions of lactams with organic acids. 

TABLE 2 

Polycondensation Processes Proceeding at 220°with Polyamide Formation from e -Aminocaproic Acid and 
Low-Molecular Intermediate Transformation Products of e -Caprolactam into Polymer. 


Starting products 

Duration of process 
(in minutes) 

M Polymer 

Aminocaproic acid 

15 

1500 • 

Ditto ■ 

30 

4950 


120 

6400 

Low-molecular polymers (M 3000) 

30 

; 6250 

Ditto 

60 

15000 


• Prior to molecular weight determination there was removed 10.6% of water-soluble products from the 
reaction mass by washing. 


To keep the polycondensation and polymerization processes separate, the same as in earlier studies 
[1, 4], the intermediate transformation products of « -caprolactam into polymer, being low-molecular 
polyamide polymers, were treated in suitable manner, in which connection the latter were completely 
freed from caprolactam and from water-soluble products by successive washing with benzene and with 
water. Here the transformation rate of these products into polymer was determined in comparison to the 
rate of polymer formation from e-aminocapioic acid. 

From the data in Table 2 it follows that the rate of the polycondensation process is exceedingly 
fast even at 220°, — it is much faster than the stepwise polymerization reaction. Since we were able to 
find only traces of the lactam in the transformation products, it must be assumed that participation of 
the polymerization reaction could not exert much influence on the obtained results. 

From a comparison of both sets of experimental results it can be concluded that in the transformation 
of € -caprolactam into polymer the bifunctional compounds that arise here (a mixture of monomers and 
low-molecular polymers) should very rapidly form polymers with higher molecular weight, and consequently 
the concentration of low-molecular polymers in the reaction mass should fail to be high at any moment in 
the process. At the same time any additions, facilitating an increase in the amount of functional groups 
in the reaction mass, will favor an increase in the reaction rate, and especially in the initial stage of the 
process . 

The transformation of e -caprolactam into polymer, as follows from an examination of the experi- 
ments on the formation of polymer in the presence of variable amounts of water and for different lengths 
of time, shows characteristics that are evoked by participation of both of the above -examined reactions 
(Table 3), 
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TABLE 3 


Transformation of e -Caprolactam into Polymer in the Presence of Variable Amounts of Water and for 
Different Lengths of Time 


Experi- 

ment 

Nos. 

Amount of water 
in the reaction 

Duration of 
process (in hours) 

Temperature 

Amount of water- 
insoluble polymers 
(in %) 

M of water -in- 
soluble polymer 

•Amount 

of water- 

soluble 

polymers 

(in%) 

f M of 

soluble 

polymers 

Calculated » 

amount of amino- 
caprbic acid 
(in %) 

Wt. % 

Mole % 

1 




2 

220° 

1.1 

1660 

1.1 

400 

1.56 

2 




3 

220 

50 

3000 

1.4 

400 

2.4 

3 




4 

220 

80 

6000 

1.78 

400 

2.2 

4 




5 

220 

87.7 

7400 

1.72 

400 

2.00 

5 




2 

220 

89.6 

2850 

5.17 

400 

5.3 

6 




3 

220 

90.4 

3175 

1.92 

400 

4.1 

7 




4 

220 

90.7 

4000 

1.80 

400 

3.0 

8 




5 

220 

93.6 

4000 

2.00 

400 

3.00 

9 



27 7 

2 

230 

56.0 

833 

2.6 

400 

9 

10 




3 

230 

79.5 

3333 

5.2 

400 

4.5 


• The amount of aminocaproic acid was calculated on the basis that the transformation of the lactam into 
polymer proceeds only by the usually recommended stepwise polymerization scheme [5], in accord with which 
each polymeric molecule can be formed with the aid of only one aminocaproic acid molecule. 


The small amount of low-molecular fractions in the reaction mass, being observed during the whole 
process, appears, as was indicated above, quite regular and is explained by the more rapid ra'te of polycon- 
densation reactions when compared with ring hydrolysis reactions. 

An acceleration of the process with increased amounts of water in the reaction mass is also in accord 
with the conclusions made above, since in this case the amount of functional groups in the reaction mass 
increases, which facilitates the progress of both polymerization and polycondensation reactions. 

And finally, if the amount of e -caprolactam, subjected to hydrolysis by water, is judged by the amount 
of aminocaproic acid that will be formed if only the usually recommended polymerization scheme [5] is con- 
sidered, then based on the data obtained for different stages of the process, this amount decreases toward the 
end of the process. Data of this character could have place only with participation of the polycondensation 
reaction in the process. If only the polymerization process is present, as is postulated at times [2], then the 
amount of aminocaproic acid, calculated in accord with the indicated method, should fail to show decrease 
toward the end of the process. 

From the obtained data it follows that the scheme proposed by Carothers for the transformation of 
6-membered lactones into polymers [6] can be applied to the corresponding transformations of 7-membeted 
lactams, not fully, as we had done earlier [1], but with certain modifications, and namely; 
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HOOC(CHs)6NH2 


yCO +H,0 

-Mfl 1 1 +H.O +H^ 1 1 -Hi 
Mixture of caprolactam and low- 
"molecular polyamides 


-H,0 


+H,0 I I -H,0 

-NH-(CH2)5-C0-NH-{CH2)5-C0-NH-(CH2)5-C0-. 

This scheme predicts the course of both the stepwise polymerization and the polycondensation processes. 
It differs from the above-mentioned scheme of Carothers in that the polymer is found in equilibrium, not with 
the starting monomer (in the present case with the lactam), but instead with a mixture of the starting monomer 
and low-molecular polymer. 


EXPERIMENTA L 

The reaction of adipic acid with € -caprolactam was carried out the same as in the proceeding works. 
[1 4] To determine the quantity of unreacted lactam, the melt was treated with benzene. The lactam 
passed into solution, the insoluble residue was filtered off. washed with benzene, dried, weighed and its 
molecular weight was determined by titration of the end groups. The quantity of lactam was established by 
determination of dry residue in the benzene extract. 


ml. O.IN HCl 
Figure 1 


ttiL O.IN HCl 
Figure 2 


In the experiments on conversion of c-aminocaproic acid to a polymer, the melt obtained by holding a 
weighed sample for a fixed interval of time at 220* in a sealed ampoule (from which ait had been displaced 
by carbon dioxide) after treatment with benzene and drying, was extracted with hot water to remove the 
water-soluble polymers. In contrast to the pteceeding experiments, in the given case only traces of lactam we 
detected in the benzene extract. In the same manner we treated the melt, obtained from low-molecular 
polymers - intermediate products formed by conversion of lactam to high-molecular polyamides and also the 
melts which were reaction products of e -caprolactam and water. 
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The molecular weights of the water-soluble products were determined by potentiometric titration 
(glass electrode) of the amino groups of the polymer in phenol -methanol solution (Fig. 1) (2 volumes 
phenol + 1 volume methanol) [7] (found M 415) or by titration by the formol method [8] (found M 454 
400). 

The molecular weights of the water-insoluble polymers were deternnined by potentiometric 
titration (Fig. 2) (found M 2400) or by titration of polymer solutions in benzyl alcohol at about 170° 
in the presence of phenolphthalein with O.IN KOH solution. The latter was prepared by solution of 
KOH in benzyl alcohol, containing lO^o methyl alcohol [7] (found M 2353,2850). 

SUMMARY 

1. Additional data were presented in support of the scheme for the transformation of 

e -caprolactam into polymer in the presence of water, in which both the polycondensation and 
polymerization reactions participate; a) a low concentration of low-molecular polymers in the 
reaction mass during the whole process, b) an increase in the process rate with increase in the 
amount of water in the reaction mass, and c) a decrease in the number of functional groups 
in the reaction mass toward the end of the process. 

2. The comparative rate of polycondensation and polymerization reactions was shown on 
the example of converting e -caprolactam into polymer by each of these reactions separately. In 
this way it was established that polycondensation reactions proceed considerably faster than do 
stepwise polymerization reactions. 
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REACTION OF MES IT Y L MAG NE S I U M BROMIDE WITH THE ALLYL ESTERS OF 
TRIMETHYLACETIC AND FORMIC ACIDS 


E. B. Sokolova and M. E. Dolgaya 


One of the anomalous directions of the organomagnesium synthesis with participation of esters 
leads to the formation of hydrocarbon reaction products as the result of the alcohol residue (R') of the 
ester radical condensing with the radical (R”) of the organomagnesium compound. Arnold and co- 
workers [1] on much experimental material showed that when phenylraagnesium bromide is used the 
cleavage of esters by the indicated scheme is observed if; 1) the radicals of the acidic residues 
create considerable steric hindrance, and 2) the radicals of the alcoholic residues show a tendency 
to form cations (as, for example, allyl, crotyl, etc.). According to the data of Arnold, Bank and 
Liggett (sec [2]), ester cleavage with the formation of hydrocarbon products of the R' R" type 
fails to occur when allyl trimethylacetate is reacted with phenylraagnesium bromide. Since steric 
hindrance increase in the organomagnesium compound augments its ester cleavage action [3], in 
this study we decided to examine the cleavage action of mesitylmagnesium bromide on the allyl 
esteis of triraethylacetic, acetic and formic acids, for which the above indicated type of cleavage 
reaction was not observed earlier. 

As the result of our experiments it was established that allyl trimethylacetate is cleaved by 
rnesitylmagnesium bromide to give cleavage products in 20<7o of the theoretical yield. Substitution 
of rsobutenyl for the allyl radical increases the yield of cleavage reaction products to approximately 

Allyl acetate and allyl formate, under the influence of mesitylmagnesium bromide, fail to form 
the R' R" type of hydrocarbon cleavage product. In the experiment with allyl formate the hydrocarbon 
obtained by us was dimesitylmethane. Its formation is evidence that in the given case, the same as 
in the reaction of ethyl formate with mesitylmagnesium bromide [4], reaction proceeds by the normal 
scheme. The reaction of mesitylmagnesium bromide with trimethylacetyl chloride gave tert -butyl 
mesityl ketone in up to 40<7o yield. 

EXPERIMENTAL 

Reaction of mesitylmagnesium bromide with allyl trimethylacetate. Allyl trimethyl- 
acetate, which was obtained in 70*70 yield by Spasov's method [5] from trimethylacetyl chloride and 
allyl alcohol, had the following properties: b. p. 138-142", n” 1.4119, dfj 0.8877. For the organo- 
magnesium synthesis was taken: 100 g mesityl bromide, 12 g magnesium filings, 72 g allyl trimethyl- 
acetate. 

The reaction product was heated on a water bath for 16 hours and decomposed with saturated NH 4 CI 
solution, acidified with HCl. The ethereal solution of reaction products was extracted three times with 



10<7oNaj,CCi solution. After the ether was removed the soda extracts were acidified with 20<7o H2S04 and 
trimethylacetic acid was driven off together with water. 10 g trimethylacetic acid was obtained,^ 
corresponding to a 20‘7o yield of cleavage reaction products. After ether was driven off, the reaction 
products were vacuum -distilled twice. 20 g low -boiling fraction with constant refractive index was 
treated with 10<7oNaOH solution for extraction of mesitol. The crystalline product separated from the 
alkaline layer upon acidification had a pungent phenolic odor and b. p. 67 -68’. corresponding to 
mesitol. The properties of the mesitol reaction product freed from admixture were as follows: 

B. p. 87-88“ (5 mm), dIJ 0.9065, n'^ 1.5149, MRp 53.22j Calc. 53.55. 

Found <7o; C 89.54; H 10.70. C^Hu. Calculated <70: C 90.00; H 10.00. 

Bromine numbers by Kaufman's method; 103.1 and 102.9, Since the molecular weight of 
allylmesitylene is 160, the bromine number was numerically equal to of unsatutated products. 

The analytical data presented indicate the product to be allylmesitylene. 

Reaction of mesitylmagnesium bromide with isobutenyl trimethylacetate • . Preparation of 
isobutenyl trimethylacetate. Isobutenyl chloride [6] was hydrolyzed with aqueous potash solution by Sheshukov's 
method [7] until disappearance of the organic layer. After evaporation and dehydration of the distillate 

with calcined potash and anhydrous CuSQ,, isopropenylcarbinol with d“ 0.8572 was isolated. The ester 

of isopropenylcarbinol and trimethylacetic acid was prepared by addition of 0.6 mole of the acid chloride to 
a solution of 0.5 mole alcohol in mixture of anhydrous pyridine (1 mole) and absolute ether (150 ml) upon 
heating on a water bath. Yield of ester 90% 

B. p. 156-158'(750 mm), d^ 0.8750, ng* 1.4172, MRp 44.84; Calc. 44.95. 

For the organomagnesium synthesis we took 90 g mesityl bromide, 12 g magnesium, 70 g isobutenyl 
trimethylacetate. The reaction product was heated for 8 hours on a water bath and then treated the same as 
in the preceding ;ynthesis. The total amount of trimethylacetic acid that separated out due to the cleavage 
reaction in this experiment was 16 g, i.e., 35% of amount of ester taken for the reaction. After the ether 
was driven off, the reaction product was given 2 vacuum -distillations and yielded 26 g narrow -boiling fraction. 
After treatment with 10% NaOH solution (to extract mesitol), the product distilled in the range 102-104“ 

(6-7 mm). 

d|S 0.900 9, n*;g, 1.5123; MRp 57.97; Calc. 58.16. 

Found %: C 89.60; H 10.26. CuHj,. Calculated %: C 89.65; H 10.35. 

Bromine number by Kaufman's method; 104.2, Calc. 92.00. 

Reaction of mesitylmagnesium bromide with trimethylacetyl chloride. For reaction we took 100 g 
mesityl bromide, 12 g magnesium, 60 g trimethylacetyl chloride. The mesitylmagnesium bromide solution 
was mn into the ethereal acid chloride solution [8] and heating up was noted with the appearance of red 
coloration of the solution. The reaction product was heated on a water bath for 12 hours and then de- 
composed with 10% acetic acid solution. The ethereal solution was treated twice with 10% NaOH solution 
to remove free acid and mesitol, dried over calcined potash and distilled. Repeated distillations yielded 
about 40 g product, the main bulk of which distilled at 125-126* (8 mm). 

ill 0.9623. ng 1.5040, MRp 62.78; Calc. 63.26. 

Found %: C 82.53; H 10.05. Cj^HjoO. Calculated %: C 82.35; H 9.80. 


* M. A. Golovanova participated. 



The obtained ketone could not be identified through its semicarbazone. The available literature 
data states that due to steric hindrances, dimesityl ketone [9] and hexamethylacetone [10] also give no 
semicarbazone, oxime or phenylhydrazone type derivatives. The investigated ketone was therefore 
reduced to the corresponding carbinol with metallic sodium in boiling ethyl alcohol [9] two-fold 
reduction converted the ketone to carbinol only to the extent of 56% (found %; OH 4.65; 

calc. 8.25). The reduced ketone distilled at 145-147“ (10 ram) and was of viscous consistency. The 
freshly distilled product had djJ 0.9781 and n*^ 1.5137. The reduced ketone crystallized upon 

standing. The pressed off crystals were twice recrystallized from dilute ethyl alcohol; m. p. 35-36“. 

Found %: C 81.69; H 10.30. Cj4H220. Calculated %; C 81.56; H 10.68. 

The carbinol was identified through the benzoyl derivative obtained by reaction of benzoyl 
chloride with solution of the substance in a mixture of pyridine and chloroform with heating on a 
water bath [11]. The benzoyl derivative was recrystallized from petroleum ether and twice recry- 
stallized from dilute ethyl alcohol, after which it had m. p. 81-82“. 

Found %: C 81.48; H 8.42. CjiHzjCi. Calculated %; C 81.29; H 8.29, 

Reaction of mesitylmagnesium bromide with allyl formate. Allyl formate was prepared from 
anhydrous oxalic acid and anhydrous glycerol by method described in [12]. We took 40 g mesitylene 
bromide, 6 g magnesium, 18 g allyl formate; addition of the latter to a solution of mesitylmagnesium 
bromide caused a crimson coloration which turned brown. The reaction product was decomposed 
with 10% acetic acid. After distillation of the fractions which came over up to 200“ at atmospheric 
pressure, the residue was vacuum -distilled. The temperature of the vapors quickly rose to 188-190“ 

(6 mm): at this point about 3 g of product, ra. p. 134°, crystallized in the outlet tube of the flask 
and in the condenser. The residue in the flask solidified into a hard vitreous mass, insoluble in 
ethyl alcohol but readily soluble in benzene, acetone and in petroleum ether. Evidently, the re- 
sidue was a linear polymer of allyl formate. Percentage analysis showed the resulting crystalline 
product to be diraesitylmethane. 

Found %: C 90.24; H 9,92. C19H24. Calculated %: C 90.56; H 9.44. 

SUMMARY 

1. It was shown that allyl trimethylacetate is cleaved to the extent of 20% when it is reacted 
with mesitylmagnesium bromide. Replacement of the ester allyl radical by isobutenyl increases the 
yield of cleavage products to 35%. 

2. Allyl formate reacts with mesitylmagnesium bromide by the normal scheme to yield 
dimesitylmethane. 

3. The reaction of mesitylmagnesium bromide with trimethylacetyl chloride gave tert -butyl 
mesityl ketone, which can be converted into the corresponding carbinol by sodium reduction in 
alcohol medium. 
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STRUCTURE OF C H LOROP HE N OX YC ROT ON IC ACIDS 

V. P. Mamaev and N. N. Suvorov 


Julia and Tchernoff [1] described the preparation of chlorophenoxycrotonic acids, where the 
melting points of the acids obtained by these authors strongly differed from the constants of the sub- 
stances that we had synthesized earlier by other methods [2]. In connection with this we ran the 
oxidative cleavage of two different acid specimens for the purpose of establishing the position of the 
double bond. The oxidation was run by the gradual addition of 2% potassium permanganate solution 
to a known weight of the acid dissolved in l<7o soda solution. Oxidation of the acid, synthesized by 
the method of the French authors, gave the expected chlorophenoxy acetic acid, while oxidation of 
the acid obtained by out method [2] gave chlorophenol, identified as the benzoyl derivative. Con- 
sequently, it must be assumed that in our published paper [2] we failed to obtain the chlorophenoxy - 
ctotonic acids, and instead we obtained the corresponding chlorophenoxyvinylacetic acids: the 
p -chloto-, 2, 4-dichloro- and 2, 5 -dichlorophenoxyvinylacetic acids. 

EXPERIMENTAL 

2, 4~Dichlorophenoxycrotonic acid (m. p. 186-187°) [1]. A 2'^o solution of potassium per- 
manganate (110 ml) was added drop-wise to a solution of the above acid in 150 ml soda solution ■ 
until a pink coloration was obtained. Manganese dioxide was filtered off and the filtrate was steamed 
down to 50 ml volume. On cooling, the solution was acidified with hydrochloric acid (Congo) and an 
oil formed which solidified upon standing. The solid product was separated, washed with water and 
dried in a desiccator, Weight 0.65 g (80“?)): m. p. 137-138" (from water). The substance gave no 
melting point depression in mixture with 2, 4-dichlorophenoxyacetic acid. 

Acid with m. p. 112-113° [2]. A solution of 1.06 g acid in 150 ml l<7i> soda solution was oxidized 
with a solution of 1.8 g potassium permanganate in 90 ml water. Manganese dioxide was filtered off 
and the filtrate was steamed down to 30 ml volume. On cooling, the solution was again filtered and 
then acidified with 5% sulfuric acid (Congo); a small quantity of substance separated out which had the 
characteristic odor of 2, 4-dichlotophenol. The acidic solution was treated with ether. The solvent was 
driven off from the ethereal extracts and the residue was dissolved in 10% caustic potash solution and shaken 
with benzoyl chloride. The resulting precipitate of the benzoyl derivative was separated, washed with water 
and dried in a desiccator. Weight 0.65 g (60%); m. p. 94-95.5° (from aqueous alcohol). The melting point 
of the benzoyl derivative of 2, 4-dichlotophenol was 96° [3]. When the permanganate solution was added 
until a rose coloration appeared in the oxidation reaction, a considerable amount of solution is consumed and 
further treatment yielded only resinous products which probably result from the oxidation of dichlotophenol. 

SUMMARY 

a was established that the products obtained in the reaction of sodium chlorophenolates with y-bromo- 
croionic ester, followed by saponification, appear as chlorophenoxyvinylacetic acids, and not as chlorophenoxy- 
crotonic acids, as we had postulated earlier. 
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XCIII. PROPERTIES OH THE POLYESTERS OF TETRAMETIIYLENE GLYCOL AND 1.3-BUTANEDIOL 
V, V. Korshak and S. V. Vinogradova 


In previous communications we have presented data on the polyesters of ethylene glycol, hexamefhyl- 
cne glycol, decaroethylene glycol, eicosamethylene glycol, propylene glycol, diethylene glycol and tri- 
ethylene glycol with dicarboxylic acids of general formula HOOCfCHjljj COOH, with n ranging from 0 to 8, 
and the dependence of the properties of these polyesters on their structure was examined [1-5]. In this com- 
munication we give out investigation results on the polyesters of tettamethylene glycol and 1,3-butanediol 
rvith various dicarboxylic acids. The method used to obtain the polyesters was the same as that described 
earlier [2, 4], For the polymers obtained in this manner we determined the melting points, the transition 
temperatures into the visco-liquid state, the flow points, the solubilities in benzene and alcohol, and the 
specific viscosities of O.Sfo benzene solutions. The melting points of the solid polymers were determined 
in capillary tubes, and those of the liquid polymers in test tubes (freezing in a mixture of dry ice and 
acetone). The flow points and temperatures of transition into the visco-liquid state were determined in a 
Floppier consistometer under a load of 1 kg. For the solubility determinations a weighed sample of the 
polyester, known to be insoluble in the given amount of solvent, was placed in a flask fitted with reflux 
condenser, and heated for 3 hours at solvent boil. For the alcohol solubility determinations a 0.5 g sample 
of the polyester and 10 ml of alcohol were taken. On conclusion of heating the solution was cooled to room 
temperature, the polymer portion failing to dissolve was filtered, the determined filtrate volumes were placed 
in cuvettes, the solvent evaporated, and the solubility of the polyester in grams per liter was calculated from 
the residue weight. The viscosimetric method was used to calculate the molecular weights of the polyesters, 
taking K = 0.93 • 10 for benzene and 1.75 • 10"^ for cresol. The results obtained by us are given in Table 1. 

The dependence of the melting points of the tettamethylene glycol polyesters on the number of car- 
bon atoms in the molecule of the starting dicarboxylic acid is shown in Fig. 1. 

Similar to the polyesters of other polymethylene glycols previously studied by us, the variation in the 
melting points of the tettamethylene glycol polyesters as a function of ±e number of carbon atoms in the 
acid molecule assumes the form of a zigzag line. The polyesters, obtained from dicarboxylic acids contain- 
ing an even number of carbon atoms in the molecule, melt higher than do the polyesters, obtained from dl- 
carbozylic acids that contain and odd number of carbon atoms in the molecule. The highest melting point 
(113-114°) is shown by the polyester of tettamethylene glycol and succinic acid. The lowest melting point 
in the series of polyesters prepared from tettamethylene glycol and dicarboxlyic acids with an even number 
of carbon atoms in the molecule is observed for the polyester of adipic acid (57°), after which the polyester 
melting points rise in measure with increase in the length of the methylene chain in the starting dicarboxylic 
acid. The lowest melting point in the series of polyesters prepared from dicarboxylic acids with an odd number 
of carbon atoms in the molecule is observed for the polyester of malonic acid, being a viscous liquid with 
m.p. -22°, In measure with Increase in the length of the methylene chain in the series of polyesters prepared 
from dicarboxylic acids with an odd number of carbon atoms in ±e molecule a rise in the melting points of 
the polyesters obtained from them is observed. Thus, the polyester of glutaric acid is a solid with m.p. 36°, 
polytetramethylene pimelate melts at 38°, and polytetramethylene azelate melts at 49°. 

A study of some of the polyesters with the aid of the consistometer revealed that the character of the 
changes in the flow points and in the transition points into the visco- liquid state as a function of the number 
of carbon atoms in the molecule of the starting acid was similar to that shown by the changes in the melting 
points of ±e polyesters. The polyesters, obtained from oxalic, adipic and sebacic acids, i. e. from acids 
containing an even number of carbon atoms in their molecule, show higher values for the given constants 
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TABLE 



than do the polyesters, obtained ftom glutaric, pimelic and azelaic acids. Also characteristic is the fact that 
the transition ftom the visco- liquid state to the fluid state takes place in a short temperature interval. Thus, for 
polytetramefhylene glutarate this interval is 2°, and for polytetramethylene pimelate, polytetramethylene adipate 
and polytetrame±ylene sebacate it is 1”; this interval is somewhat greater for the polyesters of oxalic and azelaic 
acids, being 8°. The short temperature interval for the transition from the visco-liquid into the fluid state indi- 
cates that the given polyesters are crystalline substance. In two cases (2 and 4 in Table 1) for the tetramethylene 
glycol polyesters the polycondensation was run in the presence of a catalyst — lithium hydroxide, taken in an 
amount equal to 0.2570 01 the diethyl oxalate (or die±yl inalonate) weight, for the purpose of obtaining polyesters 
with a somewhat higher specific viscosity, i. e. with a higher molecular weight. The melting points of the poly- 
esters obtained here either completely failed to differ from the melting pointsof the polymers, obtained in the 
absence of catalyst (1 and 2), or they differed very slightly (-24° for 3 and -22° for 4), although the specific 
viscosities of these polymers, for example, for 1 and 3, showed a 2.5 -fold change (0.1 for 1, and 0.245 for 2). 

This fact indicates that the variations in the molecular weights, which exist for the polyesters obtained by us, 
fail to exert much influence on their melting points. The latter is very clearly seen if we compare (among them- 
selves) the melting points of the polyethylene sebacates with different molecular weights, given in Table 2. 

Different polyethylene sebacate specimens with the specific viscosities of their 0,57o benzene solutions 
ranging from 0.17 to 9.65 show practically no variation in their melting points. This gives us basis to assume 
comparabi.. melting points for the polyesters of different acids and glycols, despite the variations prevailing 
in their molecular weights. The method developed by us for the preparation of polyesters is such that in the last 
stage of the process the polymer is heated in vacuo to quite high temperatures (250°). This permits assuming that 
the polymer, obtained as the reaction result, will fail to contain any low-molecular impurities (in its composition). 
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Fig. 2. Variation in the solubility of 'letr am ethylene 
glycol polyesters in alcohol as a function of the 
number of carbon atoms in the dicarboxylic acid 
molecule 

which ate able to exert an influence on its 
melting point; for this reason it is possible to determine 
the melting point of the polyester, not subjecting it 
after polycondensation to further purification. To 
verify the validity of such an assumption we subjected 
some of the tetramethylene glycol polyester specimens 
(5, 9, 8, 11 and 13, Table l),obtained after polyconden- 
sation, to purification — to a double precipitation with 
petroleum ether from their benzene solutions; the mel- 
ting points of the specimens purified in this manner 
proved to be practically the same as those of the polyesters 
that had not been subjected to additional purification. 

The alcohol solubility of the tetramethylene 
glycol polyesters was also determined. The variation in 


Number of Carbon Atoms 
in the Acid Molecule 
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Fig. 3, Variation in the m elting points of 
1,3-butanediol polyesters as a function of 
the number of Carbon atoms in the dicar- 
boxylic acid molecule. 


the alcohol solubility as a function of the number of car- 
bon atoms in the starting dicarboxylic acid iS shown by the broken line (Fig. 2). From the graph it can be seen 


that the solubility of the polyesters in alcohol changes in direct opposition to the changes in the melting points; 
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the greatest solubility is shown by the polyesters that '^ere obtained from dicarboxylic acids with an odd 
number of carbon atoms in their molecule. The alcohol solubility of the tetramethylene glycol polyesters 
is slight and ranges from 1,55 to 7.27 g/ liter. The given polyesters show much better solubility in benzene. 
Thus, a 2 g sample of polytetramethylene adipate, and 1.5 g samples each of polytetramethylene sebacate 
and polytetramethylene malonate, are completely soluble in 5 ml of benzene. Data on the polyesters ob- 
tained from the isomeric glycol, namely 1,3-butanediol, are also given in Table 1. Data on the polyesters 
of propylene glycol has already been published by us [3]. On this example was shown the great influence 
exerted by the methyl group on polyester properties. It seemed of interest to confirm our earlier obtained 
data and to verify them on the example of another gylcol, having a sidechain methyl group. For this purpose 
we synthesized some 1,3-butanediol polyesters, which also had interest from the viewpoint of studying the 
properties of polyesters with an odd number of methylene groups in the glycol chain. As can be seen from 
the data shown in Table 1 and Fig. 3, where the curve showing the relationship between variation in the 
melting points of 1,3-butanediol polyesters and the number of carbon atoms in the dicarboxylic acid mole- 
cule is given, a change in the positions of the hydroxyl groups in the butanediol produces considerable change 
in the properties of the obtained polymers. The whole curve for the melting point variations of the polyesters 
obtained from 1,3-butanediol and the investigated acids lies in the region of negative melting points, whereas 
in the case of the tetramethylene glycol polyesters only the malonic acid polyester was liquid. Also character- 
isticfor the polyesters of 1,3-butanediol is the fact that the zigzag character of the curve showing variation in 
the melting points of polyesters is in the main upset, being retained only for the first three members of the 
homologous series; the polyesters of oxalic, malonic and succinic acid. Beginning with the polyester of 
1,3-butanediol and succinic acid, an increase in the methylene groups of the starting dicarboxylic acid pro- 
duces a gradual reduction in the polyester melting points clear up to the polyester of azelaic acid, 
which possesses the lowest melting point of all of the polyesters in this series (-52°). Further increase in the 
length of the hydrocarbon chain in the dicarboxylic acid leads to an increase in the polyester melting points; 
thus, the polyester of sebacic acid already melts at -44°, and that of decanedicarboxylic acid at -12°. A 
comparison of these data with the data obtained for the propylene glycol polyesters, reveals that the char- 
acter of the curve showing melting point variation as a function of the number of carbon atoms in the dicat- 
boxylic acid molecule is the same for these two types of polyesters. However, it is necessary to mention that 
an increase of one methylene group (from two to three) in the hydrocarbon chain of the starting glycol leads 
to the situation that 1.3-butanediol polyesters show lower melting points than do the corresponding propylene 
glycol polyesters. As a result, a side methyl group is a very effective internal plasticizer, neutralizing the in- 
fluence of the eveness factor of the dicarboxylic acid, for a difference in the melting points of polyester ob- 
tained from even- and odd-numbered dicarboxylic acids is absent over a large portion of the melting point 
curve. The strong plasticizing influence exerted by a side methyl group is further shown in the fact that 
clear up to the polyester of azelaic acid the melting points of the polyesters decrease in measure with the 
accumulation of methylene groups in the starting dicarboxylic acid, and also in that the polymers appear as 
liquids with very low melting points. Determination of the alcohol solubilities of the given polyesters re- 
vealed that they are much more soluble than the tetramethylene glycol polyesters. Especially good solubility 
is shown by the polyesters of 1,3-butanediol with adipic, pimelic and azelaic acids. The polyesters of oxalic, 
malonic and succinic acid are less soluble. 

SUMMARY 

1. The polyesters of tetramethylene glycol and of 1,3-butanediol with oxalic, malonic, succinic, 
adipic, glutaric, pimelic, azelaic, sebacic and decanedicarboxylic acids were prepared. 

2. It was shown that the polyesters of tetramethylene glycol and dicarboxylic acids with an even 
number of carbon atoms in the molecule melt higher than do the polyesters of dicarboxylic acids with an 
odd number of carbon atoms in the molecule. 

3. On the polyesters of 1,3-butanediol it was shown that the introduction of a side methyl group in the 
polyester molecule sharply lowers their melting points. 

4. On the example of polyethylene sebacate, polytetramethylene oxalate and polytetramethylene 
malonate,it was established that the melting points of polyesters of different molecular weight differ but 
slightly among themselves. 
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HIGH-MOLECULAR COMPOUNDS 


XCIV. POLYESTERS OF TRIMETHYLENE AND PENTAMETHYLENE GLYCOLS 
V. y. Korshak and S. V. Vinogradova 


In previous communications [1-6] we have shown that the properties of polyesters are substantially in- 
fluenced by both the total number of carbon atoms in the molecule of the starting dicarboxylic acid and by 
whether this number is either odd or even. The polyesters of even-numbered polymethylene glycols, ob- 
tained from dicarboxylic acids also with an even number of carbon atoms in the molecule, showed higher 
melting points than did the polyesters of dicarboxylic acids with an odd number of carbon atoms in the 
molecule. The question of whether an even or odd number of methylene groups in the molecule of the 
starting glycol exerts an influence on the melting point of the polymer has failed to receive an exhaustive 
answer. 

As study subjects for the purpose of elucidating this question we took the polyesters of trimethylene 
and pentamethylene glycols, i. e. glycols that show an odd number of methylene groups in their chain. The 
synthesis of the polyesters and their study has been described earlier [2, 4]. The obtained results are given in 
the table. Figs. 1 and 2 show the variation in the melting points of the polyesters as a function of the number 
of carbon atoms in the molecule of the starting dicarboxylic acid, from which it can be seen that the zigzag 
character of the dependence of thepolyester melting points on the number of carbon atoms in the molecule 
of the starting acid, characteristic of polymethylene glycol polyesters with an even number of methylene 
groups in the polymethylene chain, is disrupted. This disruption begins with the polyesters of glutaric acid. 

Only for the polyesters of the first four members of the homologous dicarboxylic acid series (oxalic, malonic, 
succinic and glutaric) do we observe the characteristic zigzags. Beginning with polytrimethylene glutarate 
and polypentamethylene glutarate, an increase in the polyester melting points in measure with increase in 
the length of the methylene chain in the starting dicarboxylic acid proceeds as a smooth line. In the case 
of the trimethylene glycol polyesters the change proceeds almost linearly, while for the pentamethylene 
glycol polyesters it proceeds as a somewhat steeper curve. The difference in the melting points between 
polyttimethylene glutarate and polytrimethylene adipate is 1°, and between polypentamethylene glutarate 
and polypentamethylene adipate it is 14”. The character of the melting point changes for the polyesters of 
those dicarboxylic acids that contain only an even number of carbon atoms in their molecule, both for the 
polyesters of ttimethylene glycol and for the polyesters of pentamethylene glycol, is similar to that of the 
earlier investigated polyesters of polymethylene glycols with an even number of methylene groups in the 
chain. The minimum melting points are found for the polyesters of adipic acid (polytrimethylene adipate 
and polypentamethylene adipate melt at 36°). Apparently, these polyesters appear as break points, where 
the softening influence of the simple ether linkage is shown in greatest measure, neutralizing as it were. the 
influence shown by the polar carbonyl groups in increasing the melting point of the polymer. For the poly- 
esters of trimethylene glycol the highest melting point is shown by the first member of the homologous series, 
namely polytrimethylene oxalate, the melting point of which is 66°. Polypentametiiylene oxalate melts at 
49°. A higher melting point for polytrimethylene oxalate than for polypentamethylene oxalate becomes com- 
prehensible if we consider that the specific density of the polar carbonyl groups in the polyttimethylene 
oxalate molecule is greater than in the polypentamethylene oxalate molecule (in the first case there are 3 
methylene groups for 2 carbonyl groups, and in the second case there are 5). The higher melting point shown 
by polytrimethylene succinate when compared to polypentamethylene succinate can also be explained by 
the same circumstance. The question as to the influence of various groups of atoms on the melting points 
of polyesters was examined by us in detail earlier [4, 5]. For the polyesters obtained from either trimethylene 
glycol or pentamethylene glycol and dicarboxylic acids with an odd number of carbon atoms in their molecule 
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Figure 2. Variation in the melting points of penta- 
methylene glycol polyesters as a function of the 
number of carbon atoms in the discarboxylic acid 
molecule. 

» The viscosity was determined in cresol. 
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Figure 1. Variation in the melting points of 
trimethylene glycol polyesters as a function 
of the number of carbon atoms in the dicat- 
boxylic acid molecule. . 




the picture observed for variation in the inciting points 
..!,'f the polymers as a function of the nnnibcr of methyl- 
ene groups in tlic dicarboxylic acid is the same as for 
the polyesters of other polytnethylcnc glycols. Thus, 
with increase in methylene groups in the dicarboxylic 
acid the melting point of the polyester rises sharply 
between the polyesters of malonic and glutaric 
acid and then it shows a smoother rise for the polyesters 
of the subsequent dicarboxylic acids. For the polyesters 
of trimethyleiie glycol and pentamethylene glycol the 
character of the changes for the flow points and for the 


railar to the chara 
. The flow points 



increase for the polyesters with increase in the length 0 J 

of the methylene chain in the dicarboxylic acid, i, e. Atoms in the Acid 

they increase from the polyesters of adipic acid to the 

polyesters of sebacic acid. For the investigated trimethyl- Fig. 3. Variation in the alcohol solubility of 

ene glycol and pentamethylene glycol polyesters the trimethylene glycol polyesters as a function 

temperature interval between the flow point and the of the number of carbon atoms in the dicar- 

temperature of transition into the visco-liquid state is boxylic acid molecule, 

small and constitutes a total of only 1-2°, which indi- 
cates the high degree of crystallinity of the given polymers. Determination of the alcohol solubility of the 
trimethylene glycol polyesters (Fig. 3) revealed that the variation in the alcohol solubility of the given polyesters 
as a function of the number of carbon atoms in the dicarboxylic acid molecule was different from that of the 
polyesters of polymethylene glycols, containing an even number of methylene groups in their molecule. The 
curve fails to be zigzag, and instead is a smooth line with a maximum corresponding to the polyester of azelaic 
acid. However, a comparison of solubilities in the polyester series, the same as for other polymers, should be 
approBched^with caution, for apparently the molecular weight of the polymer shows great influence on its ability 
to dissolve in various solvents. Thus, for example, polytrimethylene adipate, with a specific viscosity of 0.03 
for its O.tPjo solution in benzene, shows a solubility of 20.5 g/ liter in ethyl alcohol, while polytrimethylene adipate, 
with a specific viscosity of 0.089, shows a total solubility of only 7.25 g/liter. Consequently, the decrease in 
the alcohol solubility of the given polymers is nearly proportional to the increase in their specific viscosities, i.e. 
in their molecular weights. Proceeding from this, the numerical data on the solubilities of our polymers in ethyl 
alcohol should be considered as being applicable only to the given sample with a definite specific viscosity. 
However, for the polyesters of trimethylene glycol and pentamethylene glycol we believe that our graph, showing 
the relationship between variation in the solubilities of polyesters and the number of carbon atoms in the starting 
dicarboxylic acid, despite the existing variations in the molecular weights of the investigated polymers, in general 
validly expresses the existing relationship. The polyesters derived from trimethylene glycol and succinic, glutaric 
and pimelic acids have approximately the same molecular weights, i. e. they all show comparable solubilities. 

The polyester of adipic acid shows somewhat higher solubility due to its lower molecular weight. Polyethylene 
adipate, with a specific viscosity of 0.05, will show a solubility in alcohol of approximately 12.5 g/liter. 

Evidently, for polytrimethylene azelate and polytrimethylene adipate the alcohol solubility will be somewhat 
lower due to the higher molecular weight of these polymers; however, the character of the curve for the vari- 
ation in solubility as a function of the number of carbon atoms in the dicarboxylic acid will fail to change as a 
result of this, although the absolute solubility values will be different. The polyesters of pentamethylene glycol 
show much better solubility in benzene than they do in alcohol. Thus, most of the pentamethylene glycol poly- 
esters, taken in amounts ranging from 0.8 to 1.6 g, are completely soluble in 5 ml of benzene. 


1. Polyesters of pentamethylene glycol and trimethylene glycol with dicarboxylic acids of general 
formula HOOC(CH2)nCOOH, with n ranging from 0 to 10, were prepared and studied. 



2 The question as to the influence cf the sauemre of the .starting components on the melting points, 
iTow points, temperatures of transition into the visco-liquid state, and solubilities of the obtained polyesters 
was examined, 

3. Beginning with the polyesters of glutaric acid, it was shown that the presence of an odd number of 
methylene groups in the chain of the starting glycol leads to suppression of the evenness factor. 
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SYNTHESIS OF 


UNO -p -XYLENE AND ITS DERIVATIVES 


w, w* - DIAM 
I. P. Losev, 0. Ya. Fedotova and M. L. Kerbet 


w, u’- Diamino -p -xylene was first obtained in 1895 by Lustig [ 1 ] under the name of p-xylylenediamine, 
as its hydrochloride C 5 H|(CH 2 NH 2 ■ HCl)^ + 1.5 H^O, by the condensation of xylene dibromide with potassium 
phthalimide. Lustig also prepared some derivatives of this amine (the chloroplatinate, picrate, tetraacetyi and 
dibenzoyl derivatives). F. Beilstein gives a melting point of 35“ for the amine [2], not showing the author who 
determined this constant. Other data on the synthesis of the diamine is not encountered, although there is in- 
formation [3] on its attempted use for the synthesis of polyamides. Proceeding from the presence of an amino 
group in the side chain, it can be assumed that its properties will be closer to those of the fatty rather than the 
aromatic amines, as is the case for benzylamine, in which connection the basic character of w, w* -diamino-p- 
xylene should be expressed even more clearly. In particular, the possibility of obtaining its salts with dl - 
carboxylic acids seemed of interest, which is of very great importance for the synthesis of polyamides. The 
salts of <jj, w’-diamino-p -xylene with dicarboxylic acids (other than its salts with sebacic acid [4] and para- 
phenylenediacetic acid [5]) have not been described. 

Considering the availability of or, w’-dichloro-p -xylene, otherwise known as p -xylylene dichlotide, we 
attempted to obtain the diamine from it, identical with the p-xylylenediamine obtained by Lustig, through the 
hexamethylenetetramine complex. Here the reaction for the formation of u>, w'-diamino-p-xylene should pro- 
ceed by the following scheme: 


C6H4(CH2C|)2 -»-2(CH2)8N4 CeH4(CH2CI)2 • (C6 Hi2N4)2. 
C8H4(CH2CI)2 • (C8Hi2N4)2-+-6HC1-h24C2H80H -»■ 

-»• 12CH2(0C2H8)2-+-C8H4(CH2NH2 • HCI)2-+-6NH4C1 
CeH4(CH2NH2'HCl)2-*-2NaOH -»■ C6H4(CH2NH2)2 2NaCl 2H2O, 


Our experiments on the synthesis of w, w'-diamino-p-xylene from w, w'-dichloro-p -xylene by the Houben 
method [6], proposed by him for the conversion of benzyl chloride to benzylamine, showed that considerable 
modifications of this method have to be made, due to the specific properties shown by w, w' -diamino -p -xylene. 
The isolation of the diamine from the reaction mixture by distillation, as is the case for the synthesis of benzy - 
lamine, is not possible. An attempt to obtain the diamine by a modified method [7] failed to give a positive 
result. The reaction was appreciably hastened only in the first stage of obtaining the complex. The small 
amount of w, w'-diaraino-p -xylene that was obtained proved to be highly contaminated with iodide salts. Its 
capacity for C 02 sorption from the air determines the difficulty of isolating w, w' -diamino -p -xylene as the 
free base, which was not observed in Lustig's work, since he failed to isolate the diamine as the free base. On 
contact with the atmosphere the liquid diamine reacts with CQj, being converted into an infusible and insoluble 
crystalline powder. The passage of CO^ gas into an alcohol solution of w, w'-diamlno-p-xylene also gives a 
crystalline precipitate of the carbonate. We failed to isolate the free diamine from its carbonate either with 
25‘yo ammonia or with alkali solutions. Treatment of the carbonate with hydrochloric acid gives the hydro- 
chloride of the diamine. From our experimental results we developed a method for the synthesis of w, w'- 
diamino-p -xylene through the complex with urotropine (hexamethylenetetramine). To characterize the diamine 
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we prepared w, cj'-diatnirio-p-xylene, and also its salts with malonic, succinic, adipic and sebacic acids. 
Heating of the salts gave polyamides with a specific viscosity tanging from 0.19 to 0.27 for their 0.57o 
solutions in ctesol, which corresponds to a molecular weight of 8000-10,000. 



Synthesis of oj. gi’-diamino-p- xylene. 6 g w, w’-dichloro-p -xylene with m. p. 100' (from alcohol) 
and 9 g utoiropine were dissolved in 100 ml chloroform or in 200 ml methylene chloride. The main bulk 
of the complex compound separated out after standing for 24 hours at room temperature, the crystalline 
precipitate was filtered off, pressed out and dried in air. After 40 hours of standing, the yield was 95-967o. 
The obtained complex compound and the calculated (according to the reaction) quantity of hydrochloric 
acid and ethanol were boiled on a water bath with reflux condenser for 3 hours. The ethylal was then driven 
off at 70-80°. The operation was repeated two more times, heating the mixture with decreased (Vs to /s) 
quantities of hydrochloric acid and alcohol for 1 hour. The total quantity of the mixture of hydrochloric 
acid and ethanol exceeded the quantity calculated on the reaction by 1.7 times. The precipitate of hydro- 
chloride was filtered off, washed free of acid with alcohol or acetone and dried at 60 - 70°. Upon treatment 
of the precipitate with 407o alkaline solution, the diamine separated out in the form of yellow-brown oily 
liquid. After vacuum-distillation in a stream of nitrogen or ammonia at 230' (10 mm), it had m. p. 37°. 

Yield 567), calculated on w, w'-dichloro-p -xylene. 

o), oi'-Diamino-p-xylene was soluble in water, alcohols, difficultly soluble in ether, insoluble in 
acetone. Upon treatment with excess of acetic anhydride at room temperature, the diamine gave the diacetyl 
derivative with m. p. 225' (from alcohol -acicular crystals). 

Found 7): C 65.71; H 7.61; N 12.36. CkHisOjNj. Calculated 7 o: C 65.42; H 7.32; N 12,72. 
Mixing of lOT) alcoholic solutions of w, tu'-diamino-p-xylene and dicarboxylic acids (malonic, 
succinic, adipic and sebacic) brought down white crystalline precipitates of the neutral salts, the melting 
points of which are given in the table. 


Acid 

Melting point of salts 

Melting point of polyamides 

Malonic 

181-182' 

(with decomp.) 

108-110' 

Succinic 

228-230 

189-192 

Adipic 

235-238 
(with change of 

280 -285 

Sebacic 

215-218 
(with change of 
color) 

290-295 


Salt of w, tu* -diamino -p -xylene with malonic acid. 

FoundT): C 54.75; H 7.0; N 11.9, CiiHjgNjQ,. Calculated 7o; C 55.0 ; H 6.66 N 11.66. 
Salt of w. w’-diamino-p -xylene with succinic acid. 

Found 7o: C 56.60; H 7.29; N 11.33. Ci2Hi,N2Q4. Calculated 7o; C 56.69; H 7.09; N 11.03. 
Salt of u, w’-diamino-p -xylene with adipic acid. 

Found 7o: C 58.50: H 7.84; N 10.03. Ci4H22N2Q4. Calculated 7o: C 59.57; H 7.8; N 9,93. 


Salt of o), w'-diamino-p -xylene with sebacic acid. 

FoundT): C 63.4; H 8.60; N 7.91. C18H30N2O4. Calculated 7=: C 63.90; H 8.87; N 8.25. 

Heating of the fused salts in cresol at 220-240° with subsequent evaporation of water and solvent in 
high vacuum (10 mm) yielded polyamides, a 0 .57o solution of which in cresol had a specific viscosity of 

0.19-0.27 and had a high surface tension and melted in the range 110 -290' (see table), 

SUMMARY 

1. 01, o)' -Diamino-p-xylene was obtained from w, 01' dichloro-p -xylene through the urotropine 
complex by a modification of Houben's method. 

2. It was established that 01, w' -diamino-p-xylene is capable of forming the carbonate when a CO2 
stream is passed into its alcohol solution, and is also capable of Cp2 sorption from the ait. Under the in- 
fluence of hydrochloric acid the carbonate is converted into the hydrochloride. 

3. u, lu' -Diacetamino-p -xylene and the salts of oj, w' -diamino-p-xylene with malonic, succinic 
and adipic acids were obtained and described for the first time. The corresponding polyamides were ob- 
tained when the salts were heated, 
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SYNTHESIS OF 3-ARYL- 


ND 2, 3 -DIARYLTHIAZOLIDINES 


Yu. K., Yi 


■yev and L. S. German 


Compounds of the thiazolldine series, devoid of functional groups, have shov/n comparatively little study 
and are described in the researches dealing with the preparation of thiazolldine itself and of 2 -substituted 
thiazolidines. Thus, thiazolldine hydrochloride was obtained by the condensation of 6 -aminoethylmercaptan 
hydrochloride with formaldehyde [1], The 2 -substituted thiazolidines were obtained by the condensation of 
ethylenimine with certain carbonyl compounds in the presence of hydrogen sulfide [2], The condensation of 
B-aminoethyl mercaptan hydrochloride with aldehydes and ketones, studied by S. V. Tsukerman, also led to 
obtaining 2-substituted thiazolidines [3], 

In studying the reaction of ethylene sulfide with aromatic amines we obtained a number of N-{6-mer- 
captoethyl) arylamines. In this paper we reacted some of them with formaldehyde and with benzaldehyde, and 
obtained respectively 3-atyl- and 2, 3 -diarylthiazolidines; 


ArNHCHaCHaSH-nRCHO - 


— N-Ar 

J-R 

'S/ 

\r = C,Hs, m-CHjC.H,. n-CH,OC,H,! R = H, C,H,. 


The formation of 3-atyl- and 2, 3 -diarylthiazolidines from N-(B -mercaptoethyl) arylamines proceeds 
in a manner similar to the formation of the corresponding oxazolidines when N-(B -hydtoxyethyl)-arylamines 
are condensed with aldehydes [4], 

The sole reaction products obtained in the condensation of N-( 6 -mercaptoethyl)- p-toluidine and N- 
(6-metcapto'ethyl)-p-anisidine with formaldehyde were respectively 3-(p-tolyl) thiazolldine and 3-(p-anisyl) 
thiazolldine. When N -(6 -mercaptoethyl)aniline, a compound with an aromatic ring devoid of para -substitution, 
was reacted with formaldehyde the 3-phenylthiazolidine that was formed here showed further condensation with 
the excess formaldehyde present, as a result of which 4, 4*-di (3-thiazolidinyl)-diphenylmethane was obtained 
as a reaction by-product: 


-H.0 i N-CeH«-CH2-CBH4-N , 

^-CHsO-”-^! I I |- 


4, 4’-Di(3-thiazolidinyl)diphenylmethane was obtained in 79 '5b yield when 3-phenylthiazolidine was 
condensed with formaldehyde in the presence of hydrochloric acid. It should be mentioned that a similar 
reaction also exists in the oxazoUdine series: according to the data of K. D. Petrov and O, K. Gosteva the 
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u. 


3a leads to the formation of 4, 4'-di (S-oxa^'oUdinyl) 


EXPERIMENTAL 

3 -Phenylthiazolidine . a) A mixture of 7.6 g (0.05 mole) N -(6 -mercaptoethyl)-aniline and 25 ml 
SO^o formalin (0.25 mole) were shaken for 1.5 hours on a rocker. The resulting crystalline precipitate was 
separated off on a funnel, cooled with ice, and then it was washed with ice water and dried in a vacuum - 
desiccator. Yield 8.2 g substance which melted at 25-96° and, which upon fractional crystallization from 
SO‘^0 alcohol, yielded 4.2 g (51<7o) substance with m. p. 31-32° and 0.8 g (9lo) substance with m. p. 134-137° 
(with decomp.). 

The crystals with m. p. 31-32° gave a positive reaction for nitrogen and sulfur and a negative 
reaction for the mercapto group, were readily soluble in alcohol, ether, acids, insoluble in water, and 
were 3 -phenylthiazolidine. 

Found '7o; N 8.87, 8.83; S 19.36,19.38. C^HnNS. Calculated «/o: N 8.49, S 19.45. 

After 2 hours boiling with hydrochloric acid, 3 -phenylthiazolidine gave no positive reaction for 
mercapto group and resinified upon heating with concentrated caustic soda solution * . 

The crystals with m. p. 134-137° (with decomp.) aUo gave a positive reaction for nitrogen and 
sulfur, negative for mercapto group, were readily soluble in alcohol and in ether, insoluble in water 
and were 4, 4'-di’-(3-thiazolidyl)-diphenylmethane. 

Found <70; N 8.45, 8.37; S 18.59, 18.65. Calculated '7o: N 8.17, S 18.72. 

b) A mixture of 8 g (0.052 mole) N-(6 -metcaptoethyl)-anlline, 25 ml 30 “yo formalin (0.25 mole) 
and 0.8 g (0,01 mole) sodium bicarbonate was shaken on a rocket until there was no further formation of 
crystalline precipitate which was then further treated as described above. After rectystallization from OO^o 
alcohol, the substance had m. p. 31-31.5° and was 3 -phenylthiazolidine. Yield 8.5 g (987o). A melting 
test mixture with 3 -phenylthiazolidine, obtained in the preceding experiment, gave no depression; 
m. p. 31-32°. 

4, 4'-Di-(3-thiazolidyl)-diphenylmethane. 20 ml 307o formalin (0.2 mole), and then 1.5 ml 
hydrochloric acid (d 1.19) were added with vigorous stirring in the course of thirty minutes to a 
solution of 5 g (0.03 mole) 3 -phenylthiazolidine in 50 ml alcohol contained in a 3-necked flask 
(100 ml) fitted with stirrer, reflux condenser and dropping funnel and the reaction mixture was then 
heated for 4 hours on a boiling water bath, and after only 20 minutes, a white precipitate began to 
separate out. After cooling and neutralization with sodium bicarbonate, the precipitate was separated, 
washed with water and dried in a vacuum -desiccator. After recrystallization from alcohol, the substance 
had m. p. 133-136° (with decomp.) and was 4, 4'-di-(3 -thiazolidyl)-diphenylmethane. Yield 4.1 g (79f/o). 

Found^o: C 66.58, 66.55; H 6.41, 6.44; N 8.21, 8.30; S 18.59, 18.64. Ci5H22NjS2. 
Calculated C 66.63; H 6.47; N 8.17; S 18.72. 

. 3-(p -Tolyl)-thlazolidlne. A mixture of 4.2 g (0.025 mole) N-( 0-mercaptoethyl)-p-toluidine and 

20 ml 30‘!'o formalin (0.2 mole) was vigorously shaken for 15 minutes. The crystals which formed were 


• In 1888 FoBter ascribed the structure of 3 -phenylthiazolidine to the reduction product of 3 -phenylthiazolidone 
but gave no constants for the compound obtained [6]. 
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separated and recrystalUzed from SO^o alcohol. Yield 4.3 g (97%) substance which was 3-(p-tolyl)- 
thiazolidine; m. p. 79-80°. 

Found %: N 8.07, 8.02; S 17.79, 17.83. CioH^NS. Calculated %: N 7.81; S 17.88. 

The product was readily soluble in alcohol, ether, aoids; insoluble in water; resistant to acid and 
alkaline hydrolysis in the course of 2 hours. 

3 -(p -Anisyl)-thiazolidine. A mixture of 4 g (0.022 mole) N-( B -mercaptoethyl)-p- anisidine and 
20 ml 30% formalin (0.2 mole) was vigorously shaken for 15 minutes. After suitable treatment, the 
crystalline precipitate yielded 4.1 g (95%) substance which was 3-(p-anisyI)-thiazolidine; m. p. 84-85° 
(from 80% alcohol). 

Found %: N 7.38, 7.47; S 16.33, 16.35. CuHiaONS. Calculated %: N 7.17; S 16.42. 

The product was readily soluble in alcohol, ether, acids; insoluble in water; resisted acid and 
alkaline hydrolysis in the course of 2 hours. 

2, 3-Diphen.ylthiazoltdine. A mixture of 6 g (0.039 mole) N-( B -mercaptoethyl)-aniline in 15 ml 
alcohol and 26.5 g (0.25 mole) benzaldehyde was set aside for 48 hours until it gave no further reaction for 
the mercapto group. The reaction mixture was diluted with 15 ml water and cooled with and ice-salt 
mixture. The crystals which came down were separated, washed with cold alcohol and then with water. 
Yield 6.4 g (69%) substance which was 2, 3-diphenylthiazolidine; nj. p. 86°. 

Found %: N 6.00, 5.97; S 13.21, 13.22. C15H15NS. Calculated %; N 5,80; S 13.29. 

The product was readily soluble in ether, acids; difficultly soluble in alcohol; insoluble in 
water. It was hydrolyzed with concentrated hydrochloric acid upon 30 minutes of heating (positive 
reaction of hydtolyzate for mercapto group). 

2-Phenyl-3-(p-tolyl)-thiazolidine. From 4.3 g (0.026 mole) N-(6 -mercaptoethyl)-p-toluidine in 
15 ml alcohol and 21.2 g (0.2 mole) benzaldehyde, after the mixture had stood 48 hours, we obtained 
5.1 g (77%) 2-phenyl-3-(p-tolyl)-thiazolidine; m. p. 86*. • 

Found %: N 5.80 , 5.68; S 12.48, 12.53. CuH^NS. Calculated %: N 5.48; S 12.56. 

The product was readily soluble in ether, acids; difficultly - in alcohol; insoluble in water. It 
was hydrolyzed with concentrated hydrochloric acid upon heating for thirty minutes. 

2 -Phenyl -3 -(p-anisyl) -thiazolidine. From 5 g (0.027 mole) N-( 6 -metcaptoethyl)-p-anisidine 
in 15 ml alcohol and 21.2 g (0.2 mole) benzaldehyde, after the mixture had stood 48 hours, we obtained 
5.6 g ( 80%) 2-phenyl-3-(p-anisyl)-thiazolidine; m. p. 87°. 

Found %: N 5.48, 5.34; S 11.77, 11.78. CijH^ONS. Calculated %: N 5.16; S 11.82. 

The product was readily soluble in ether, acids; difficultly soluble in alcohol; insoluble in water. 

It was hydrolyzed upon heating for thirty minutes with concentrated hydrochloric acid. 


* A melting test mixture with 2, 3-diphenylthiazolidine gave a melting point depression. 
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SUMMARY 

1 The condensation of N -(6 -mercaptoethyl)arylamines with formaldehyde and with benzaldehyde 
gave the previously unknown 3 -phenyl-, 3-( p-tolyl)-. 3-(p-anisyl)-. 2. 3-diphenyl-. 2-phenyl-3- 
(p-tolyl)- and 2-phenyl-3-(p-anisyl)thiazolidine. 

2. The condensation of 3-phenylthiazolidine with formaldehyde gave the previously unknown 
4, 4'-di (3 -thiazolidinyl) diphenylrae thane. 
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CATALYTIC TRANSFORMATIONS OF HETEROCYCLIC COMPOUNDS 


XLVIII. PREPARATION OF 3-ISOAMYL-, S-HEXYL- AND 
3-p-TOLYLTETRAHYDROTHIOPHENES FROM 
THE CORRESPONDING FURANIDINES 


Yu. K. Yuryev, E. M. Lukina, Yu. M. Polikatpov and V. P. Volkov 


In one of out previous papers we had shown that the reaction of 3-furanidone (3-tetrahydrofutanone) with 
organomagnesium compounds can serve as a general method for the synthesis of 3 -alkyl- and 3 -arylfuranidines 
[1], When we reacted the thus obtained 3 -n -amylfuranidine and 3 -phenylfutanidine with hydrogen sulfide in 
the presence of aluminum oxide at 350' we effected their respective conversion into 3-n-amyl-tetrahydtothiophene 
(6470 yield) and 3-phenyltettahydrothiophene (587o yield) [2]. In the last case, in contrast to the earlier de- 
scribed similar transformations of 3 -alkylfuranidines [3], appreciable amounts of 2-phenyl-2 -butene were ob- 
tained as a reaction by-product, which was due to the influence of the phenyl radical, attached to the 0 -carbon 
atom of the futanidine ring. 

In the present study we used 3-furanidone in the organomagnesium synthesis of 3-isoamyl-, 3-n-hexyl- 
and 3 -p-tolyl- futanidine, • When these compounds were reacted with hydrogen sulfide, under conditions used 
for the catalytic transformation of oxygen -conta ining heterocycles into cycles with other heteroatoms, we 
obtained 3-isoamyl-, 3-n-hexyl- and 3-p-tolyltettahydrothiophene, respectively. 




R 

(R=iso -CsHu. 


-CsHig.p-CHsCsHi). 


A mixture of isomeric 2-p -tolylbutenes appeared as the by-product in the catalytic transformation of 
3-p-tolylfuranidine. As in the case for the transformation of 3 -phenylfutanidine into 3 -phenyltetrahydrothiophene 
[2], the formation of these secondary reaction products is associated with the partial simultaneous cleavage of 
water and hydrogen sulfide from the intermediately arising diprimary 1, 4 -metcaptohydtoxy compound (1- 
hydtoxy-2-p-tolyl-4-butanethiol), with subsequent hydrogen addition to the resulting 2-p-tolyl-l, 3-butadiene 
at the 1, 2 -and the 1, 4-positions: 



♦ It should be emphasized that the 3 -hydroxy -3 -alkylfuranidines formed in the first stage of the synthesis ate 
dehydrated with greater difficulty than ate the 3-hydroxy-3-arylfuranidines, in which connection the dehydration 
proceeds with better yields under the influence of p -toluenesulfonic acid than under the influence of iodine , 
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I I 


|— QH^CHa 


HC-C-CcHiCHs +H, 
” HaC CHs 


CH— CoH^CHaT _H,Oi — h,S^ 

CHs *'’®“ 

''SH Hq/ J 

HaC-C-CnHiCH;, HC=C-C8H4CH3 

i- JJ- U ■ 


H;,C' 


EXPERIMENTAL 

1. Synthesis of S-hydroxy-S-alkyl- and 3 -hydroxy -3 -arylfurantdines was by the method described in the 
previous paper [1], 

3 -Hydroxy -3 -isoamylfuranidine . From 7.8 g magnesium-, 49,1 g isoamyl bromide and 28 g 3-furanidone 
in 300 ml ether we obtained 23.2 g (46.0“^) 3 -hydroxy-3 -isoamylfuranidine. Colorless liquid; readily soluble 
in alcohol, ether, sparingly soluble in water. 

B. p. 86-87° (3 mm), 105 -105.5' (10 mm), ng* 1.4549, df 0.9626, MRp 44,60, Calc. 44.73. 

Found ‘5i»: C 68.12; H 11.38, C9Hi80i. Calculated “/o: C 68.31; H 11,47. 

3 -Hydtoxy-3 -n-hexylfuranidine . From 7.05 g magnesium, 48 g n-hexyl bromide and 25 g 3-futanidone 
in 300 ml ether we obtained 24.8 g (49.5‘5(>) 3-hydroxy-3-h-Hexylfuramdine. 

B. p. 102 -103° (3 mm), 99-99.5° (2 mm), n“ 1.4570, df 0.9556, MRp 49,10, Calc. 49.35. 

Found C 69.55, 69.69; H 11.75, 11.86. CjoHjoGj. Calculated C 69.72; H 11.70. 

3 -Hydroxy -3 -p -tolylfuranidine. From 8.1 g magnesium, 56.4 g p-btomotoluene and 28.4 g 3-furanidone 
in 300 ml ether we obtained 29.7 (50<ifc) 3 -hydtoxy-3 -p-tolylfuranidine. 

B. p. 123 -123 .5° (3 mm), 1.5492, df 1.1230, MRp 50.51. CnHi^C^Fj. Calc. 50.36. 

Found C 73.55, 73.62; H 8.14, 8.04. CjiHuCi. Calculated <)(.: C 74.07; H 7.91. 

H. Dehydration of 3-hydroxy-3 -alkyl- and 3-hydroxy-3 -arylfuranidines 

3 -Isoamyldihydrofuran . 23 g 3 -hydroxy -3 -isoamylfuranidine was dehydrated with 0.05 g p-toluenesulfonic 
acid upon slow distillation from a flask with a small fractional column. Distillation of the dried distillate yielded 
7 g product of dehydration and 13.2 unchanged 3 -hydroxy -3 -isoamylfuranidine, which was again dehydrated in 
the above manner. Total yield 14.5 g (ll^o) of 3 -isoamyldihydrofuran. Dehydration with iodine did not yield 
above 60%. 

B. p. 61.5-62.5° (10 mm), ng" 1.4522, df 0.8911, MRp 42.21. CjHigOF. Calc. 42.74. 

3 -n -Hexyldihydrofutan. 24 g 3-hydroxy-3-n-hexylfutanidine and 0.1 g p-toluenesulfonic acid were heated 
in a flask fitted with fractional column. Slow distillation of the dehydration product followed by a repeated 
distillation yielded 16 g (79%) 3-n-hexyldihydrofuran. 

B. p. 86-87° (10 mm), ng 1.4545, df 0.8753, MRp 47.71. CioHigOF. Calc. 47.36. 

3 -p-Tolyldlhydtofutan. 26.5 g 3 -hydroxy -3 -p-tolylfuranidine and 0.25 g iodine were heated 1.5 hours on 
an oil bath at 210-220°. The reaction mixture was dissolved in ether, the ethereal solution was washed with 10 ml 
10% soda solution, water and dried. After the ether was driven off, the residue was vacuum -distilled. Yield 21.3 g 
(89%) 3-p-tolyldihydrofutan in the form of colorless flaky crystals, deliquescent upon standing in ait, 

B. p. 102-105° (3 mm), m. p. (from anhydrous alcohol) 65-66°. 

III. Catalytic hydiogenation of 3 -alkyl- and 3 -atyldihydrofurans ■ was carried out in anhydrous alcohol in 
the presence of platinum oxide [4] in the cold with shaking. 
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3 -Isoamylfuranidine. 14 g 3 -isoamyldihydrofuran was hydrogenated in 30 ml anhydrous alcohol, 

2020 ml (NTP) hydrogen was absorbed (calculated 2240 ml). The hydrogenation product was treated 
upon cooling with a solution of bromine in chloroform until the appearance of a persistant yellow colora- 
tion and set-aside overnight. After being driven off from the bromides and vacuum -distillation over sodium 
we obtained 9.1 g (65%) 3 -isoamylfuranidine. 

B. p. 74.5-75° (20 mm), ng* 1.4350, df 0.8609. MRp 43.11, Calc. 43.20. 

Found %: C 75.56, 75.67; H 12.69, 12.54. CgHjgO. Calculated %; C 75.92; H 12.74. 

3 -n -Hexy Ifuranidine. 15.8 g 3-n-hexyldihydtofuran was hydrogenated in 40 ml anhydrous alcohol. 
2260 ml (NTP) hydrogen was absorbed (calculated 2300 ml)i After suitable treatment and distillation of 
the hydrogenation product over sodium we obtained 10.7 g (68%) 3 -n-hexylfuranidine. 

B. p. 83.5-84.5° (10 mm), ng 1.4428, df 0.8647, MRp 47.89, Calc. 47.82. 

Found %: C 76.33. 76.50; H 12.59, 12.67. CjgHjgO. Calculated %: C 76.79; H 12.88. 

3 - p -Tolylfuranidine . 19.2 g 3-p-tolyldihydrofuran was hydrogenated in 50 ml anhydrous alcohol. 
2820 ml (NTP) hydrogen was absorbed (calculated 2700 ml). After suitable treatment of the hydrogenation 
product arid distillation over sodium, we obtained 13.1 g (67.5%) 3 -p-tolylfuranidine. 

B. p. 95 -95.5°(4 mm), ng" 1.5312, df 1.0156, MRp 49.43. C11H14OF3. Calc. 48.84. 

Found %: C 81.26, 81.11; H 8.82,8.83, C11H14O. Calculated %: C 81.44; H 8.70. 

IV. Conversion of 3-alkyl- and 3 -arylfuranidines to corresponding 3-alkyl- and 3-aryltettahydto- 
thiophenes was accomplished as described in the previous paper [2], by the action of hydrogen sulfide in 
the presence of aluminum oxide at 350°. 

3 Tsoamyltetrahydrothiophene. From 12.1 g 3 -isoamylfuranidine we obtained 8.1 g (60%) 

3 -isoamyltetrahydtothiophene. 

B. p. 87-88° (10 mm), ng' 1.4868, df 0.9196, MRp 49.49, Calc. 49.63. 

Found %: S 20.46. CgHjgS. Calculated %: S 20.26. M. p. of compound with HgClj (from 
alcohol) 104.5-105.5°. 

Found %; Hg 46.80, 46.59, CgHigSClgHg. Calculated %: Hg 46.68. 

3 ■ a ■ Hexyltetrahydrothlophene . From 14,8 g 3-n-hexylfutanidine we obtained 9.6 g (57%) 

3 n hexyltetrahydrothiophene. 

B. p. 121-122°(16 mm), ng® 1.4870, df 0.9170, MRp 54.05, Calc. 54.25. 

Fourid %: S 18,58. CjgHgQS. Calculated %: S 18.61. M. p. of compound with HgClg (from 
alcohol) 98-99°. 

Found %; Hg 45.22, 45.29. CsoH^SCliHg. Calculated %: Hg 45.20. 

3 -p-Tolyltetrahydrothiophene. From 12.0 g 3 -p-tolylfuranidine we obtained 6.7 g (51%) 

3 p tolyltetrahydrothicphene. 

E. p. 127,5-128.5° (4 mm), ng 1.5847, df 1,0645, MRj, 55.98. CaHuSFs. Calc. 55.27. 

Found %: S 17.84. CijHjgS. Calculated %; S 17.99. M. p. of compound with HgClg (from 
alcohol) 128.5-129°, 

Found %: Hg 44.65, 44.70. CaHaSCljHg. Calculated %: Hg 44.59. 
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riijriuanon of thft conversion product yielded 2,2 g'of lower -boiling fraction which decolorized bromine 
water and potassium permanganate solution and contained no sulfur, A repeated distillation of this fraction 
yielded; 

a) 1.4 g substance: b. p. 80 -84“ (12 mm), np 1.5288, dj® 0.8938, MRp 50.46. C,iHi4F4. 

Calc. 48.93. 

Found lyo: C 90.04, 89.89; H 9.73, 9.84. CuHm. Calculated <70: C 90.35; H 9,65. 

b) 0.5 g substance: b. p. 93-98“ (12 mm), ng* 1.5386, df 0.8994, MRp 50,92. C,tHi4r4. 

Calc. 48.93. 

Found “/o: C 89.93, 89.86; H 9.31, 9.32. CjiHi4. Calculated C , 90.35; H 9.65. 

The analytical data, constants and properties of the isolated hydrocarbons indicate that the side product 
of the conversion of 3-p-tolylfuranidine to 3-p-tolyltetrahydrothiophene is a mixture of 2-p-tolyl-l -butene 
(fraction withb. p. 80 -84“ at 12 mm) and 2-p-tolyl-2-butene(fraction»w'ithb. p. 93-98“ at 12 mm) with 
2 -p-tolyl- 1 -butene predominating . 

Literature data for 2-p-tolyl-l-butenegive: b. p. 206-209’, np 1.52735, dj® 0.8926 [5], 

Literature data for 2 -p-tolyl -2 -butene give: b. p. 93.5-94“ (10 mm) [6], 

2-p-Tolyl-3 -butene is not described in the literature; its presence in the hydrocarbon mixture is doubt- 
ful since in contact with aluminum oxide at high temperatures it undergoes isomerization with transposition 
of the double bond to the aromatic ring [7], i.e., with formation of a hydrocarbon of the styrene type - 
2 -p -tolyl -2 -butene. 

SUMMARY 

1. The previously unknown 3-isoamylfuraniddne, 3-n-hexyl-futanidine and 3-p-tolylfuranidine were 
obtained by the general method developed by us, namely the reaction of 3 -furanidone with organomagnesium 
compounds, followed by dehydration of the thus obtained tertiary alcohols, and finally catalytic hydrogenation 
of the dehydration products. 

2. 3-Isoamyltetrahydrothiophene, 3 -n-hexyltetrahydrothiophene and 3-p-tolyltetrahydrothiophene were 
obtained by us for the first time by the catalytic transformation of 3-isoamyl-, 3-n-hexyl- and 3-p-tolylfuranidine, 
respectively. 
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SYNTHESES WITH ACRYLONITRILE 


XXV. CYANOETHYLATION OF INDOLE 
A. P. Terentyev. A. N. Kost and V. A. Srait 


6 -Indolyl-B -propionic acid has been described in the literature as a root-formation stimulant [1]. The 
methods for its preparation through phenylhydrazones are very complicated [2]. 

Proceeding from indole, this acid can be obtained by the action of either diazosuccinic ester [3] or of 
propiolactone [4]. According to patent data, 6-indolyl-B-propionitrile can be obtained in good yield by 
leactiag indole with acrylonitrile [5, 6], which is then easily saponified to the corresponding acid [7]. In the 
patent of Reppe and Ufer [5] it is indicated that the reaction of indole with acrylonitrile under the influence 
of either acidic or alkaline agents yields 8 ~indolyi-8-propionittile. The addition of copper salts fails to 
influence the direction of the reaction in alkaline medium, but in acetic acid medium the 8 -isomer is formed 
exclusively. The reaction proceeds in similar manner with ot-methylindole, but ot-phenylindole, even with- 
out the addition of copper salts, shows cyanoethylation in the 8 -position. In addition, data show[6] that in 
alkaline medium also the addition of copper salts partially facilitates 8 -isomer formation. 

Reppe 's data ate only partially supported by out experiments. In acid media (without the addition of 
copper salts) the N -cyanoethylation products of indole were not found. Reppe indicates that ot-methylindole 
in. the presence of monochloroacetic acid, without the addition of copper salts, is cyanoethylated on the nitrogen 
and when saponified yields N-(a-methylindolyl)- 8 -propionic acid with m. p. 135“. Actually, this substance 
proved to be the 8 -isomer, which we showed by cyanoethylation of the 8 -isomer [7] and conversion of the 
H, 6 -(o£-methylindolylidene)-di-8 -propionicacidinto 6-( ct-methylindolyl)- 8-propionic acid. It is possible 
to assume that the error made by Reppe is associated with the fact that copper parts were present in his apparatus. 
In ampoule without copper traces the reaction fails to proceed; with the introduction of copper foil the 8 4somer 
is formed. 

The cyanoethylation of indole under the Reppe conditions (16 hours, 130-140“) gave us 8-indolyl-B- 
propioaitrile in up to BO^c yield. If the reaction is run in benzene medium, introducing 4 moles of acrylonitrile 
for 1 mole of indole, the yield reaches 81*7:. It is interesting to mention that the yield depends in considerable 
measuie on the indole purity and the apparatus material (the yields ate lower in glass ampoules than in an auto- 
clave). Without boric acid (i.e., with copper acetate) the yield drops to 44% while without acetic acid the 
8 -j.ndolyl 'S-propionitrile is obtained only in small amounts. Here it is possible to assume that acetic acid 
increases the solubility of copper borate and in that way hastens the process. Actually, if copper acetylacetonate 
is introduced instead of copper borate, or even better, either copper salicylalimine or copper salicylalanyl, 
then even without the addition of either acetic or boric acid the yields obtained ate as high as 60'7c. The 
addition of boric acid in this case lowers the yield; if acetic acid is added the yield reaches 80fc. 

To elucidate the reaction mechanism it could be postulated that the first-formed N-indolyl-8-pro- 
plonitrile (under the influence of temperature and catalysts) suffers rearrangement in the 8 -position, either 
directly or through the intermediate formation of the N, 8 -dinitrile. However, under these conditions the 
N -indolyl-8 -propionitrile fails to show conversion into the 6 -isomer and is not cyanoethylated in the 8 - 
position. N-Methylindole also fails to react with acrylonitrile under these conditions. 
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The assumption of previous Indole acylation on the nitrogen (which determines me change in ouenta- 
tion) is also removed by the cyanoethylation experiments without the addition of acids (wi hi copper sail- 
cylallraines). 

As a result, the cyanoethylation evidently proceeds directly at the B -position (possibly, with pre- 
liminary isomerization into the indolenine form). „ 

EXPERIMENTAL 

Perfumery indole, steam -distilled and then vacuum-distilled, was used; acrylonitrile — stabilized with 
hydroquinone. 

B -Indolyl-S -propionitrile, A mixture of 11.7 g indole, 21.2 g acrylonitrile, 10 ml benzene, 0.3 g 
glacial acetic acid, 0.2 g copper acetate and 0.07 g boric acid was heated in a steel autoclave (90 ml) for 
6 hours at an oil bath temperature of 180-190°. After cooling, the autoclave was opened, the red solution 
with a small quantity of brown precipitate was transferred to a Claisen flask and the autoclave was carefully 
washed with benzene. After driving off the solvent, the residue was vacuum -distilled in a stream of nitrogen. 
Yield 2.5 g of fraction which boiled up to 190° at 3 mm (mostly indole) and 13.8 g (81‘7o) B -indolyl-B - 
propionitrile with b. p. 190-210° at 3 mm and m. p. 62°. After crystallization, from benzene it had m. p. 
67-68°. The literature data give; 63-64° [5], 67-68° [8]. When the temperature was raised to 210 -220°, the 
yield was reduced 10-12'yo. When 2 moles acrylonitrile was used, the yield was In an ampoule the yield 
did not exceed 60%. Increase of the amount of acetic acid decreased the yield. 

A mixture of 17 g B -indolyl-B -propionitrile with 80 ml 25% caustic soda solution was boiled for 2 
hours. Upon cooling, crystals of the potassium salt of B -indolyl-B -propionic acid came down. The salt 
was dissolved upon adding the required quantity of water and after filtration of the solution, B -indolyl-B - 
propionic acid was brought down in the form of white crystals by acidification of the solution with hydrochloric 
acid (1 : 3). After drying in a desiccator over calcium chloride, it weighed 17 g ( 90%), m. p. 133°. Litera- 
ture data give: m. p. 132° [5], 133-134* [8]. 

Cyanoethylation of indole in the presence of organic copper complexes. A mixture of 11.7 g Indole, 

21.2 g acrylonitrile, 10 ml benzene, 0.3 g copper salicylalanyl and 0.3 g acetic acid was heated for 6 hours 
in an autoclave (90 ml) at 180 -190°. After the usual treatment, we obtained 2.4 g indole and 13.6 g (80%) 

B -indolyl-B -propionitrile. 

Addition of cuprous chloride, copper foil or cuprous oxide only slightly catalyzed the reaction (yields 
of 10-17 %). Nickel formate, nickel dimethylglyoximate and cobalt salicylalanyl did not catalyze the 
reaction. Without acid additions with copper salicylalanyl the yield was 52%, with copper salicylalimlne - 
56%, with Copper acetylacetonate -38%. Additions of boric acid in the last case reducted the yield to 15%. 

B -(g-Methyllndolyl)- B -propionitrile. A mixture of 9.1 g ot-methylindole, 7.4 g acrylonitrile, 

10 ml benzene, 0.2 g glacial acetic acid, 0.05 g boric acid and 0.15 g copper acetate was heated in a steel 
autoclave (90 ml) for 6 hours at oil bath temperature of 180 -190°. The treatment and separation of the 
reaction product were the same as in the preceding experiment. Yield: 0.8 g a-methylindole, b. p. 

120-135° at 3 mm and 10.3 g (81%) B -( ot-methylindolyl) -B -propionitrile with b. p. 203-209° at 2 mm and 
m. p. 72°. After 3 crystallizations from aqueous methanol, it had m. p. 79,5° . 

Found %: C 78.36, 78.75; H 6.46 , 6.64. CigHjjNj. Calculated %: C 78.26; H 6.52. 

A mixture of 3.7 g B -(ct-methylindolyl)-B -propionitrile and 25 ml 10% caustic soda solution was 
boiled for 3 hours. After filtration, cooling and acidification, we obtained 3 g B -(o£-methylindolyl) -B - 
propionic acid. After recrystallization from water it had m. p. 138° (it was unchanged by a repeated recry- 
stallization). Literature data give: m. p. 138° [9], 



Cleavage of N, B-(oi- methylindolideneidi-B -propionic acid . Steam, superheated to 300°, was passed 
in the course of 1 hour into a solution of 2.8 g N, 6 -(ot-methylindolidene)-di-B -propionic acid [7] in 10 ml 
50% caustic soda solution. The residue in the distilling flask, was dissolved in water, filtered and acidified 
with 10% hydrochloric acid. The B -(ct-methylindolyl)- B -propionic acid which came down was separated 
and dried in a desiccator over calcium chloride. Yield 1.6 g (80%) acid with m. p, 138°. The literature 
data give: m. p. 138° [9]. It gave no melting point depression with the acid prepared from B -(ce-methylindolyl) 
-6 -propionitrile [7]. 


SUMMARY 

The conditions for the cyanoethylation of indole and of a-methylindole in the B -position were in- 
vestigated. It was found that copper borate, proposed by Reppe as a catalyst, can be replaced by organic 
copper complexes. Reaction in this case then proceeds even in the absence of acids. 
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QUINONES 


VII. SYNTHESIS OF SOME QUINONES OF THE DIHYDRO- AND 
TETRAHYDRONAPHTHALENE SERIES BY OXIDATION OF THE 
CORRESPONDING HYDROQUINONES WITH 
POTASSIUM BROMATE 

A. N. Grinev. A. B. Terentyev and A. P. Terentyev 


In out previous paper [1] we communicated that potassium bromate in acid medium is a very convenient 
reagent for the oxidation of halo -substituted hydroquinones to the corresponding quinones. In the present study 
we obtained some quite difficultly available quinones of the dihydro- and tetrahydronaphthalene series in 
nearly quantitative yields by this method. According to the data of other authors [2. 3], these quinones ate 
obtained in considerably lower jpelds by the oxidation of hydroquinones with ferric chloride. 

The oxidation of hydroquinones with potassium bromate gave us: 5, 8-dihydto-l, 4-naphthoquinone (I). 
2-methyl-5. 8-dihydto-l. 4 -naphthoquinone (II), 5. 6, 7, 8-tetrahydto-l. 4 -naphthoquinone (III) and 5. 8-endo- 
ethylene-5, 8-dihydto-l. 4 -naphthoquinone (IV): 



(0 (II) (III) OV) 


The oxidation of hydroquinones to quinones was tun in aqueous dioxane solutions, since difficultly water- 
soluble quinhydtones are formed in the reaction process. Reaction is both rapid (3-5 minutes) and smooth. 

The quinones immediately separate from the reaction mixture as well-formed crystals with sharp and constant 
melting points, and do not require purification. 

EXPERIMENTAL 

5. 8-Dihvdro-l. 4 -naphthoquinone (I). 4 g 5, 8-dihydto-l. 4-naphthohydroquinone (m. p. 212*). prepared 
by the DieU -Alder method [2], was dissolved in 40 ml dioxane with heating. 2 g potassium bromate in 20 ml 
hot water and 2 ml 1 N sulfuric acid (in place of dioxane acetic acid may be used without addition of sulfuric 
acid) were added tp the above solution. The reaction mixture was heated to 60“ while stirring: at first a dark 
ted coloration appeared which turned light yellow. Upon cooling, crystals of quinone came down and were 
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separated. A further quantity of quinone precipitated from the mother liquor when it was diluted with water. 
Since the substance quite readily altered in a moist state and in light, it was necessary to dry it in the dark 
in a vacuum -desiccator over phosphoric anhydride. Yield 3.8 g quinone; m. p. 109*. which corresponded 
to the literature data [2]. The quinone was readily soluble in ether, benzene, alcohol and in dioxane. In 
ethereal and benzene solutions the quinone readily darkened; it stored well upon cooling with ice under water. 

2-Methvl-5. 8-dihydro-l, 4 -naphthoquinone (11) was prepared by addition of divinyl to toluquinone and 
isomerization of the initially formed adduct [4]. The prepared hydroquinone (m. p. 168*) was treated as before. 
For the experiment we took methyldihydronaphthohydroquinone 1 g. potassium bromate 0.5 g, dioxane 10 ml, 
water 5 ml, 1 N sulfuric acid 1 ml. Yield 0.9 g quinone - light -yellow crystals with m. p. 86* (literature 
data give ra. p. 85-86°), darkened upon storage. 

5. 6. 7. 8-Tetrahvdro-l. 4 -naphthoquinone (ni). The initial 5, 6. 7, 8-tetrahydto-l, 4-naphthohydro- 
quinone (m. p. 185°) was prepared by the Diels-Alder method [2]. Taken for experiment; 1 g hydroquinone. 

0. 5 g potassium bromate, 9 ml dioxane, 5 ml water, 0.7 ml 1 N sulfuric acid. The reaction and isolation oi 
the product were performed as before. Yield 0.9 g quinone with m. p. 54° (literature data: m. p. 55.5 [2j). 

5. 8-Endoethvlene-5. 8-dihydro-l. 4 -naphthoquinone (IV) was prepared by isomerization of the adduct 
formed by addition of cyclohexadiene to p-benzoquinone [2]. M. p. of hydroquinone 178°. For the experi- 
ment we took 1 g hydroquinone, 0.5 g potassium bromate, 0.8 ml 1 N sulfuric acid, 10 ml dioxane, 6 ml water. 
Yield 0.87 g quinone. M. p. 99° (literature data: m. p. 99°). 

SUMMARY 

Oxidation of hydroquinones in the dihydro- and tetrahydronaphthalene series with potassium bromate 
gave: 5, 8-dihydro-l, 4 -naphthoquinone, 2-methyl-5, 8-dihydto-l, 4 -naphthoquinone, 5, 6, 7, 8-tetrahydro- 

1, 4 -naphthoquinone and 5, 8-endoethylene-5, 8-dihydto-l, 4 -naphthoquinone. 
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QUINONES 

VIII. CONDENSATION OF CH LORO- AND 2, 3-DICHLORO-p-BENZOOUINONE WITH 
ACEtOACETIC AND BENZOYUCETIC ESTERS 

A. N. Grinev, Pan Bon-Khvar, V. N. Frosin and A. P. Terentyev 


As was shown in out communications [1, 2], p-benzoquinone, toluquinone and ot -naphthoquinone con- 
dense with acetoacetic and benzoylacetlc esters, giving benzofuran, benzodifuran and naphthofuran derivatives. 
In studying the synthesis and properties of halo -substituted p-benzoquinone derivatives [3], we Investigated 
here the condensation of chloro -p-benzoquinone and of 2, 3-dlchloro-p-benzoquinone with the same ketoesters. 
The reaction was tun by the earlier developed method in alcohol and in the presence of zinc chloride. For the 
chlotoquinone the reaction proceeded in an excess of the ketoester for the most part by the general scheme: 



The structure of the diethyl ester of 4-chloro-2, 6-dimethyl-benzo(l, 2-bi4, 5-b') difuran-3, 7-di- 
carboxylic acid (I) was shown by its conversion under chlorination into the diethyl ester of 4, 8-dichloro-2, 6- 
dimethylbenzo (1, 2-b; 4, 5-b’) difutan-3, 7-dicarboxylie acid (11), obtained by a different method [4]. 
Saponification of the diethyl ester of 4-chloro-2, 6-dimethylbenzo (1, 2-b( 4, 5-b’) difuran-3, 7 -dicarboxylic 
acid gave the free acid (III): 



(III) 
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The reaction of the 2, 3-dichloro-p-qulnone with either acetoacetic oi faei.ii.oyiacctlc ester, as-Was to 
be expected, leads only to the benzofutan derivative: 


Y COOC2I 
Cl\ ]' I 
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As the result of condensing the 2, S-dichloro-p-quinone with acetoacetic ester we obtained the ethyl 
ester of 6. 7 -dichloro -2 -methyl -5 -hydroxybenzofuran -3 -carboxylic acid (IV). The structure of this benzo- 
furan derivative was shown by Its conversion into the known [4] ethyl ester of 4, 6, 7-trichloro-2-methyl-5- 
hydroxybenzofuran-3 -carboxylic acid (V). The ester (IV) was saponified with alcoholic caustic to 6, 7- 
dlchloro-2 -methyl-5 -hydtoxybenzofutan-3 -carboxylic acid (VI): 



(VI i 


The reaction of the 2, 3 -dichloroqulnone with benzoylacetic ester leads to the ethyl ester of 6, 7-di- 
chloro-2-phenyl-5-hydroxybenzofuran-3-carboxyUc acid (VII). Saponification of the ester gave the 6, 7- 
dichloro-2-phenyl-5-hy<lroxybenzofuran-3-catboxylic acid (VIII); 


-COOC2H6 




Cl 
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EXPERIMEN' 


1) Condensation of chloroquinone with acetoacetic ester . In a 3 -necked flask fitted with reflux 
condenser and mechanical stirrer, upon heating, was dissolved 28 g zinc chloride in 28 g anhydrous 
alcob.oi. Into the resulting solution was run 39 g acetoacetic ester and at 80-90° In the course of 8-10 
minutes was added 15 g chloroquinone in portions. The contents of the flask were heated about 30 
minutes at 80°. After cooling the reaction mass, crystals formed and were separated, washed with a 
small amount of ether and dried. Yield 8.2 g. The crystals were recrystallized from alcohol. White 
crystals were obtained of the diethyl ester of 4-chloro-2, 6-dimethylbenzo-(l, 2-b: 4, 5-b’)-difuran- 
3, 7 -di carboxylic acid (I). M. p. 164-165°. The ester’was soluble in acetone, alcohol, dioxane; 
difficultly soluble in ether. 

Found 'ffc: C 59.03, 59.07; H 5.07, 5,25. C,gHi-08Cl, Calculated C 59.27; H 4.70. 

a) Chlorination of the diethyl ester of 4-chloro 2, 6- di.methylbenzo-(l, 2-b; 4, 5-b')- difuran- 
3, h dlcarboxylic acid. 2 g of ester (I) was dissolved in acetic acid and into the resulting solution was 
passed chlorirte at room temperature for 1 hour and 20 minutes. The reaction solution was heated with 
an excess of zinc dust and diluted with water. The crystals which came down were recrystallized twice 
from acetic acid. Yield 0.5 g of the diethyl ester of 4, 8-dichloio-2, 6-dimethylbenzo-(l, 2-b; 4, 5-b')- 
difuran-S, 7 -dicarboxylic acid (II). M. p. 175° of the ester corresponded to the literature data [4], 

b) Hydrolysis of the diethyl ester of 4-chloro -2, 6-dimethvlbenzo-(l, 2-b; 4, 5-b*)-difuran-3. 7-di - 
car boxylic acid . 4.2 g of ester (II) was added to a solution of 28 g caustic soda in 50 ml alcohol and the 
resulting suspension was heated 30 minutes on a water bath. The alcoholic solution of the acid salt was 
diluted with water, filtered and acidified with hydrochloric acid (Congo). The crystals of 4-chloro -2, 6- 
d:methylbenzo-(l, 2-b; 4, 5-b')-difuran-3, 7 -dicarboxylic acid (III) that foimed were recrystallized 

from acetic acid. M. p. of the acid above 240° (with decomp.). 

round 7o: C 54.06, 53.89; H 3.40, 3.31; Equiv, 308.8. Ci4H506Cl. Calculated ^o: C 54.45; 

H 2.94; Equiv. 308.68. 

2. Condensation of 2, 3- dichloroqulnone with acetoace tic ester . The reaction was carried out as 
before. For reaction we took 2, 3 -dichloroqulnone 5 g. acetoacetic ester 18 g, zinc chloride 3.8 g and 
anhydrous ethyl alcohol 5 ml. Yield 2.9 g ethyl ester of 6, 7-dichloro-2-niethyl-5-hydroxybenzofuran-3- 
carboxylic acid (IV). The ester was in the form of white crystals, m. p. 202.5° (from alcohol). Readily 
soluble in dichloroethane, dioxane, less — in alcohol and in ether. 

Found <7o; C 49.85 , 49.90; H 3.70, 3.77. C32Hij04Cl2. Calculated "fo: C 49,84; H 3.48, 

a) Chlorination of the ethyl ester of 6, 7-dichloro-2-methyl-5-hydroxybenzofuran-3-carboxylic acid. 

1 g of ester (-1V) was dissolved in acetic acid and into this solution was passed chlorine for 1 hour and 20 
minutes at to m temperature; the solution was diluted with water; the crystals which formed were recry- 
stallized twice from acetic acid. Crystals of the ethyl ester of 4, 6, 7-trichloro-2 -methyl-5 -hydroxybenzo- 
furan. -3 -carboxylic acid (V) were separated, m. p. 138°, which corresponded to the literature data [4], 

b) Hydrolysis of the ethyl ester of 6, 7-dichloto-2-methyl-5-hydroxYlbenzofuran-3-carboxylic acid . 
Hydrolysis was cartied out as before. For the experiment was taken 1.3 g of ester (IV), 1.5 g caustic soda, 

18 ml alcohol. The acid was recrystallized from 50% acetic acid. The m. p. of 6, 7 -dichloro -2 -methyl -5- 
hydr..vybenzofutan-3-carboxylic acid (VI) was above 275° (with decomp.). The acid was sparingly soluble 
in alcohol, ether, soluble in acetic acid. 

Found %: C 46,13, 45.98, H 2.47, 2.66. Ci(|H604Clj. Calculated %: C 45.99, H 2.31. 

3, Condensation of 2, 3 -dichloroqulnone with benzoyl acetate. The reaction was carried out as 
before, For the experiment was taken 6 g 2, 3 -dichloroqulnone, 7 g benzoyl acetate, 4.75 g zinc chloride 
and 6 ml ethyl alcohol. 5.35 g white crystals was separated from the mother liquor and had ra, p. 185-186° 



(from alcohol). From the mother liquor was isolated 3.8 g crystals with m. p. x85-loo 
recrystallization from alcohol). The obtained ethyl ester of 8, 7-diehioio-2-piicnyl-o-hydroxybenzo 
futan-3 -carboxylic acid (VII) was difficultly soluble in ether, alcohol, readily soluble in dichloroethane. 

Found <y<,: C 57.99, 57.86: H 3.65, 3.76. C^HbO^CIj. Calculated C 58.15; H 3.45. 


a) Hydrolysis of the ethyl ester of 6. 7-dichloto-2-phenvl-5-hvdroxybenzofu tan-3-carboxylic 

acid. Hydrolysis was carried out under the conditions of the preceding experiments. For the experi- 
lilent was taken 2.3 g of ester (VII). 20 ml alcohol and 1.6 g caustic soda. Yield 1.94 g acid (VIII) 
with m. p. 207° (with decomp.). The acid was difficultly soluble in alcohol, acetone, soluble in 
acetic acid. 


Found "fc: C 56.07, 56.12; H 2.35, 2.28. C^HjOtCl*. Calculated*^: C 55.78; H 2.49. 


SUMMARY 

Condensation of chloto -p -quinone and 2. 3-dichloto-p-quinone with acetoacetic and benzoylacetic 
esters gaye heterocyclic compounds of the class of benzofuran and benzodifutan. 
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REACTION OF HYDRAZINE DERIVATIVES 


II. SYNTHESIS OF 1, 2, 3. 4, 5, 6, 7, 8 OCTAHYDROCARBAZOLE 

A. N. Kost and I. I. Grandberg 


In 1910 Piloty [1] found that diethyl ketone azine with excess anhydrous zinc chloride at 230° is con- 
verted into a, ex' -diethyl- 0, 0 * -dimethylpyrrole (25% yield). On heating desoxybenzoin azine at 180" in 
a hydrogen chloride stream G. Robinson and R. Robinson obtained tettaphenylpyrrole in 88% yield. On attempting 
to apply the Piloty method to cyclohexanone azine they isolated a compound having the composition 
CuHjqNj • HCl- ZnClj , which when heated failed to show conversion into octahydrocarbazole [2]. Perkin [3] 
was able to achieve this synthesis (28% yield) by passing hydrogen chloride into a boiling mixture of cyclo- 
hexanone azine and tetralin. Later. Senary [4] observed that the reaction of either acetyl chloride or chloro- 
acetyl chloride with cyclohexanone azine yields (In about 20% yield) the corresponding N-acyl derivative of 
octahydrocarbazole. 

The reaction discovered by Piloty is appar ently similar to Fischer’s synthesis of indole compounds; con- 
sequently we, in accord with the data of A. E. Arbuzov [5], used traces of zinc chloride instead of an excess, 
and obtained from cyclohexanone azine (I) the octahydrocarbozole (II) in 79% yield. We were unable to ex- 
tend the method to another azines - those of acetone, butyraldehyde, isovaleraldehyde, cyclopentanone, 
butyrone and acetophenone — which is in accord with the studies of other authors [1, 2, 6]. 

When the reaction was run with catalytic amounts of aniline hydrochloride we obtained the octahydro - 
carbazole in 19.7% yield, in which connection the main reaction product (61% yield) proved to be 1-cyclo- 
hexylcyclohexene (V). Similar results were obtained with quinoline hydrochloride. The use of acidic alumino- 
silicate catalyst gave 1-cyclohexylcyclohexene (in 39% yield) and a high-boiliiig substance, the composition 
of which was not investigated. 

In elucidating the mechanism for the formation of the hydrocarbon it was revealed that aniline hydro- 
chloride (when introduced in equimolar amounts) rearranges the cyclohexanone azine (I) into the pyrazoline 
base (III), which with the loss of nitrogen is easily converted into 1, 1-pentamethylene-bicyclo (0.1.4) heptane 
(IV) and then into 1-cyclohexylcyclohexene (V). These transformations (under different conditions ) were 
described in our previous [7] communication *. 


* After a description of the synthesis and transformations of 1, 1-pentamethylenebicyclo (0.1.4) heptane [7] 
had been sent to print there appeared a paper by Laber [8], who obtained this hydrocarbon from cyclohexylidenef 
cyclohexanone through the pyrazoline base (without isolating the latter in pure form), opened the three -membered 
ring with either hydrogen chloride or hydrogen bromide (the same as we had done), and showed that this hydro- 
carbon under the influence of either hydrogen chloride or zinc chloride is isomerized to the cyclohexylcyclohexene 
in 55-64% yield. According to our data, isomerization under the influence of zinc chloride proceeds with tarring 
and gives a contaminated substance. If the reaction is tun with aniline hydrochloride, then the yield of pure sub- 
stance teaches 95.4%. Laber gives a density of 0.9015 for 1, l-pentamethylenebicyclo(0.1.4)heptane: the other 
constants agree with outs. After repeated purification and trials we obtained d? 0.9320. In out case the refraction 
and patachot ate in good agreement with the theoretical values, while in the case of Laber a difference of 1.6 is 
observed for the refraction. 
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As a result, the formation of pyrazollne bases (which proceeds under the influence of acidic agents) 
appears as a concurrent process in the synthesis of pyrrole compounds from azines. In connection with this 
we modified the Senary method [4] and ran the reaction of cyclohexanone azine with acetyl chloride in 
anhydrous dioxane (for the purpose of alleviating the acidity of the reagent). In this way we were able to 
increase the yield of the N -acetyloctahydrocarbazole to 82‘7». Under similar conditions the octahydrocarbazole 
fails to be formed from the pyrazollne base. An attempt to use formaroide for the conversion of cyclohexanone 
azine to the octahydrocarbazole led only to the pyrazollne base. 


EXPERIMENTAL 

1, 2, 3, 4, 5, 6, 7, 8 -Octahydrocarbazole (11). In a 60 ml flask was placed 44.2 g freshly -distilled 
azine of cyclohexanone [7], 6 g glass wool and 0.15 g anhydrous zinc chloride; the reaction mixture was then 
heated with air condenser for 4 hours at 220 -230” (thermometer in mixture) and without capillary was vacuum - 
distilled from the same flask. The colorless substance instantly crystallized in the condenser. Yield 32 g 
(79.3‘?o) of octahydrocarbazone with b. p. 161.5-162.5” at 13 mm and m. p. 96”. 

Found lyo: N 8.31, 8.42. Ci2H„N. Calculated N 8.00. 

The substance very rapidly oxidized in air (after 20 minutes, m. p. 90”, after 90 minutes, m. p. 87 ). 

It remained unchanged when kept in ampoules, sealed in a stream of ammonia. The acetyl derivative, obtained 
by boiling with acetic anhydride in the presence of perchloric acid, had m. p. 71” (from Ifsio alcohol). The 
literature data give b. p. 165-170” at 15 mm, m. p. 102” [3]. 

N -Acetyl-1, 2, 3, 4, 5, 6, 7, 8 -octahydrocarbazole. To a solution of 19,2 g of freshly-distilled azine 
of cyclohexanone in ’50’ml anhydrous dioxane, upon boiling, was added drop- wise 11.8 g acetyl chloride; a 
vigorous reaction took place, accompanied by the formation of ammonium chloride and greening of the 
mixture. The mixture was then boiled 30 minutes under reflux and after cooling, was poured in ice water. 

Yield 17.9 g (82.5‘7o) N -acetyloctahydrocarbazole. After recrystallization from 75170 aqueous methanol, it 
had m. p. 71”. Literature data give m. p. 73” [4]. 

Found <70: N 6.81. C14H15ON. Calculated <70: N 6.46. 

The substance kept in air without noticeable oxidation. It gave no melting point depression with the 
substance prepared in the preceding experiment. In similar experiments with isovaleryl chloride, benzoyl 
chloride and benzenesulfochloride, a quantitative splitting out of ammonium chloride was noted; however, 
we could not purify the reaction products since they were obtained in the form of viscous liquids which de- 
composed upon vacuum -distillation. 

Reaction of the azine of cyclohexanone with formamide. A mixture of 19.2 g azine of cyclohexanone 
and 5 g commercial formamide was heated. At 160” (thermometer in mixture) a vigorous evolution of 
ammonia started and stopped after 1.5-2 hours. After 3 hours of heating (160-190”) the reaction mass was 
vacuum-distilled.(b. p. 144-203” at 10 mm). After prolonged standing (25-30 days) at -5", a portion of the 
substance crystallized. Recrystallization from 50<7o methanol yielded 8.2 g (37.4'7o) N-formyl-3, 4-tetra- 
methylene-5. 5-pentamethylenepyrazoline with m. p. 74”. It gave no melting point depression with the 
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previously prepared [7] substanxe, which had m. p. 73”. Hydrolysis of the mother liquor and the oil (boiling 
with concentrated hydrochloric acid for 0.5 hour ) yielded 9.1 g (47.47.) of 3. 4-tettamethylene-5. 5-penta- 
methylenepyrazoline (III) with m. p. 63” (the azine of cyclohexane cleaved upon being boiled with concen- 
trated hydrochloric acid and gave hydrazine dihydrochloride). The total yield (including the formyl deriva- 
tive) was about 837.. 

Reaction of the azine of cyclohexanone with other acidic agents. When a mixture of 38.4 g azine of 
cyclohexanone and 25.8 g aniline hydrochloride was heated, at 120-140” a very vigorous reaction began which 
had to be controlled by cooling the flask with water. When the reaction was complete, the cooled mixture 
was diluted to three times its original volume with ether; the crystals which came down were separated and 
dissolved in methanol; the addition of anhydrous ether brought down 5.1 g of ammonium chloride and after 
evaporation of the solvents, alkalization and distillation, we obtained 14.1 g pyrazollne base with b. p. 

161-169” at 16-18 mm and m. p. 60”; its N -phehylcarbamide derivative had m. p. 122” (from alcohol). 
Literature data: b. p. 165” at 17 mm; m. p. 64” [9]; N-phenylcarbamide derivative; m. p. 122” [7], 124” 

[9], From the basic ethereal layer was separated 12.1 g aniline and 2.9 g octahydrocarbazole with b. p. 
154-160” at 10 mm, m. p. 89”. 

When 38.4 g azine of cyclohexanone was heated with 2 g aniline hydrochloride, at 170” ammonia 
started to evolve. After heating the mixture for 3 hours at 210 -230” and distillation, we obtained 6.9 g 
(19 77o) octahydrocarbazole with b. p. 150-158° at 10 mm and m. p. 90-91°,and 20 g of 1-cyclohexylcyclo- 
hexene (617.) with b. p. 235.5-236.5” at 746.3 mm, ng* 1.4949. df 0.9075. Literature data: b. p. 

236” at 745 mm [7], 238” at 760 mm [10], np 1.4947 [8] . 1.4948 [7], df 0.9040 [10], 0.9063 [7]. 

In a similar experiment with quinoline hydrochloride we obtained octahydrocarbazole in yield of 
40.77 o and 1-cyclohexylcyclohexene in yield of 44.670. From 19,2 g azine and 2 g acid aluminosilicate 
catalyst (210-230”, 3.5 hours) we obtained 6.4 g (397o) of 1-cyclohexylcyclohexene and 10 .1 g fraction with 
b. p. 295-310”, the composition of which was not investigated further. When a solution of 19.2 g azine of 
cyclohexanone In 50 ml methyl alcohol was run into a solution of 13.65 g anhydrous zinc chloride in 50 ml^ 
methyl alcohol, upon slight heating there came down 31.12 g of crystalUne precipitate with m. p. 230-240” 
(decomp.). Analysis for nitrogen (Dumas) gave divergent results (from 7.12 to 10.077o). The same precipitate 
was obtained upon addition of methanolic solution of the azine to aqueous zinc chloride solution. Variation 
of pH of the aqueous solution did not bring down the complex compound. Acids resinified it and aqueous 
ammonia regenerated the azine. Heating to 250 -300” did not cause the octahydrocarbazole to form. 

Similarly, in methanolic solution we obtained a complex compound of the azine of cyclohexanone with 
cuprous chloride of the composition CijH2oN2 -CuCl. (Found 7 o: N 9.68; Calculated 70: N 9.62). In 
this case complex -formation is accompanied by considerable oxidation; the complex compound itself 
is not stable upon storage. 

Decomposition of 3, 4 -tetra methylene -5, b-pentamethylenepyrazoline (III), Ammonia was bubbled 
for 3 hours into 16.4 g boiling pyrazolinic base. Fractionation yielded 5.8 g fraction with b. p. 180-200 at 
10 mm, the composition of which was not investigated and 6.9 g (50.77») 1, l-pentamethylenebicyclo-(0.1.4)- 
heptane with b. p. 231-232” at 743 mm and n “ 1,49 70. 

After careful purification of 200 g of this hydrocarbon (washing with hot acetic acid solution of copper 
acetate, steam distillation, treatment for 3 hours at 20” with a solution of perbenzoic acid, washing with soda 
solution partial oxidation with potassium permanganate and fractionation), we obtained the pure substance 
with b.p. 230.6” at 733.5 mm, ng 1.4960, df 0.9320. Found MR^ 51.40; Calc. 51.71. Literature data-, 
b. p. 98” at 12 mm [7], 108.5° at 18 mm [8]; 232” at 747 mm [7]; n^ 1.4966 [8], 1.4972 [7]; d^ 0.9015 (?) 
[8] 0 9278 [7]. Similarly from 16.4 g pyrazolinic base with 0.2 g anhydrous zinc chloride was obtained 
8.3’ g hydrocarbon with b. p. 230 -235.5” at 742 mm and n “ 1.496 (a supposed mixture of spirane hydrocarbon 
with cyclohexylcyclohexene). 

Isomerization of 1, l-pentamethvlenebicvclo-(0.1.4)-heptane (IV). 8.2 g of hydrocarbon and 0.5 g 

aniline hydrochloride were boiled for 5 hours, washed with 57i) sulfuric acid, water, dried with potash and 
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distilled, Yield 7.8 g (95.4"/ci) l-cyclohexylcyclohexene with b. p. 236.7”2.37,3-“ f.t 1,4946, 

dj® 0,90 69, When 16,4 g 1, l-pentamethylenebicyclo-(0.1.4)-heptane was boiled (8 hours) with 0.2 g 
anhydrous zinc chloride, there was appreciable resinification. Fractions were obtained with b. p. from 
230-237.5' at 744 mm, total weight 11.7 g, n§* 1.4966 (first fraction) and n® 1.4957 (second fraction), 
the compositions of which were not investigated further . 

SUMMARY 

The transformations of cyclohexanone azine under the influence of acidic agents were investigated. 
Simple methods for the preparation of 1. 2. 3. 4. 5. 6, 7, 8-octahydrocarbazole and its N-acetyl deriva- 
tive were described. 
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HALOGENATION OF AROMATIC SILANES 


I. PREPARATION AND PROPERTIES OF THE CHLORO DERIVATIVES OF PHENYLTRICHLOROSILANE 


A. Ya. Yakubovich and G. V. Motsarev 


If the preparation and properties of halogenated aliphatic silane derivatives, containing halogen atoms 
in the radical, having received quite detailed illumination in the literature [1], then the data with respect to 
the analogous halogenated aromatic silanes, as was already mentioned by us earlier [2, 3], is extremely meager. 
In connection with this we undertook a study of the halogenation of a number of aromatic silanes and of the 
properties of the resulting halogenated derivatives. 

We began our study with phenyltrichlotosilane. Up to now not a single study, specially devoted to the 
halogenation of this silane, has appeared in the literature. We had already described earlier the preparation 
and properties of the bromo derivatives of phenyltrichlotosilane [2], 

The chlorination of phenyltrlchlorosilane, the same as its bromination, was tun in the presence of the 
catalysts usually used in the halogenation of aromatic compounds (metallic iron [4], antimony trichloride, 
aluminum chloride [5] and iodine ). 

It was established that at 50-125', with the proper molar ratios of phenyltrichlotosilane and chlorine, 
and using the mentioned catalysts, it is possible to obtain a whole series of chlorinated phenyltrichlotosilane 
derivatives, ranging from the monochloto- to the pentachloro-derivative, in 55-90"?! yields. In its intensity 
of reaction the chlorination of phenyltrichlotosilane in the presence of iodine differs sharply from that of 
chlorination in the presence of the other catalysts indicated above. The catalytic action of iodine becomes 
sufficiently effective only when the iodine is present in considerable amount. It should be mentioned that in 
the absence of catalysts the chlorination of phenyltrichlotosilane fails to proceed even at 170 -180°. 

A study of the chlorination of phenyltrlchlorosilane revealed that depending on the nature of the catalyst 
used the substitution chlorination of the silane is accompanied to a greater or lesser degree by a parallel 
secondary process - destructive chlorination, proceeding with the formation of products that arise as the result 
of the silane molecule suffering cleavage at the C -Si bond • , This secondary reaction is observed to 
noticeable degree when the pheayltrichlorosilane is chlorinated in the presence of AlClj, and is present in 
very slight degree when this silane is chlorinated in the presence of FeCls at 140-150* (cleavage is not ob- 
served at the lower temperature of 120-125°). The cleavage products of phenyltrichlotosilane when it is 
chlorinated in the presence of either AlClj or FeClj are, on the one hand, SiCl,, and on the other. — chlorinated 
benzene derivatives. As a result, the chlorination of phenyltrichlotosilane proceeds by the scheme; 


I 


* The mechanism of this secondary process was examined by us in detail earlier [6]. 




^ ,,01,14-1 SiCt i HC! fmain 

** ’ ' > SiCIi -i-CBHr.—nCIn+i (secondary reaction) 


The chlorination of phenyltrichlorosilane in the presence of either SbClj or iodine fails to be accompanied 
by cleavage at the C-Si bond. 

The influence of catalysts, of reactant ratios, and of temperatures on the results of chlorinating phenyl - 
trichlorosllane ate illustrated by the data given in the table- 


influence of Catalysts, Reactant Ratios and Temperatures On The Chlorination of Phenyltrichlorosilane 


Exp. 

Nos. 

Conditions for the chlorination of 
Dhenvltrichlorosilane 



Amount of 


Mole ratio 


Catalyst 

catalyst (in 

Tempera- 

CSH5SICI3: 



% on the 


Cl3 



weight of si- 
lane taken) 



1 

Fe 

0.5 

60 -70' 

1 : 1.3 

2 

Fe 

0.5 

60 - 70° 

1 : 2.2 

3 

Fe 

0.5 

70-75 

1 : 3.3 

4 

Fe 

0.5 

110 - 125 

1 : 6.5 

5 

AICI3 

0.3 

50-55 

1 : 3.6 

6 

SbCl, 

0.3 

70-75 

1 : 3.4 

7 

1 

0.75 

50 -75 

1 : 4.0 

8 

I 

3.0 

50-65 

1: 1.1 


Composition of reaction 


Unchanged 
silane (in 
%) 

Chlorination products \ 

Amount of 
cleaved si- 
lane (in %) 

Total yield 
(in %) 

Main 

reaction 

product 

_ 

83.0 

Mono- 

- 

- 

80.0 

Di- 

- 

_ 

81.5 

Tti- 

- 

_ 

84,6 

Tetra- 

- 



Penta- 


- 

55.0 

Tti- 

43.0 

- 

90.0 

Tri- 

- 

72.0 

9,5 

Mono- 

- 

- 

86.0 

Mono- 



All five chloro derivatives of phenyltrichlorosilane were isolated pure, and the physical and chemical 
characteristics for the di-. tri-. tetra- and pentachloro- derivatives ate given here for the first time. 

The chloro derivatives of phenyltrichlorosilane, with the exception of the j^ntachloro derivative, appear 
as colorless mobile liquids that fume in the ait (the tri- and tetrachloto- derivatives appear as oils). The 
pentachlorophenyltrichlorosiiane is a white crystalline substance (slender needles), fuming in the ait. 

The boiling points and densities of the chlorinated phenyltrichlorosilane derivatives show steady increase 
in measure with increase in their chlorine content. All of the chlotophenyltrichlotosilanes ate characterized 
by sharp odors, show vacuum -distillation without decomposition, and ate readily soluble in most of the ordinary 
organic solvents. 

To prove the structure of out synthesized chloro derivatives of phenyltrichlorosilane we used the reaction 
of their cleavage with either AlCl, or bromine water, the same as was used for the analogous bromo derivatives 
[2]. A study of the cleavage products of the chlotophenyltrichlotosilanes revealed that the cleavage of the 
latter with AlClj yields the corresponding chloro derivatives of benzene, while when cleaved with bromine 
water (at elevated temperature, in a sealed tube) some of them yield chlorobromo derivatives of benzene 

+Aici3(H ^ CbHs-bCI,, ■+• SiOj -4- HCl 
C,HB-«ClnSiCl 3 <^ ->-Br,(H.O)^ C6H6_»CI,iBr -I- SiOj -I- HCl -I- HBr. 
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the structure of which can be judged from the positions of the chlorine atoms in the aromatic ring of the chloto- 
phenyltrichlorosilane and from the orientation effect of the SiCl, group. It was established that despite the fact 
that the SiClj group by its nature should show meta-orientation [7], the chlorination of phenyltrichlorosilane to 
the monochloro derivative in the presence of the above indicated catalysts leads to the exclusive formation of 
the para chloro derivative. The formation of the para-, and not of the meta -chloro derivative, in the chlorina- 
tion of phenyltrichlorosilane is supported both by the fact that the cleavage product of monochlorophenyltri- 
chlorosilane with bromine water is p-chlorobromobenzene, obtained in eo^o yield, and by the identity of the 
chlorination product with synthetic p-chlorophenyltrichlorosilane, obtained from p-ClCsH,MgBr and SiCli [8]. 
Such a direction for this reaction indicated its anomalous behavior [7]. A study of the structure of the other 
chloro derivatives of phenyltrichlorosilane confirmed this postulation. 

When we attempted to cleave dlchlorophenyltrichlorosilane with bromine water it was revealed that this 
substance fails to react with bromine even under prolonged heating at 200-250*; consequently, to prove its 
structure the chloride was cleaved with AlCl, (with a 1 ; 1 molar ratio of the reactants). After the reaction 
mass was decomposed with water the isolated cleavage product proved to be m -dichlorobenzene (40 .0'7o yield). 
Identified as the nitro derivative, which was shown to be l-nitro-2, 4 -dichlorobenzene. From this it follows 
that the described substance is 2, 4 -dichlorophenyltrichlorosilane. 

Similar to the dichloto derivative, trichlorophenyltrichlorosilane fails to be cleaved by bromine water 
(despite long heating in a sealed tube at 250*). The reaction product of trichlorophenyltrichlorosilane with 
AICI3 (1 : 1) proved to be 1, 3, 5 -trichlorobenzene (SV.O^ yield). This indicates that the product obtained in 
the chlorination of phenyltrichlorosilane is the 2, 4, 6-trichloro derivative. 

Since the trichlorophenyltrichlorosilane appears as a symmetrically substituted derivative, then the tetta- 
and penta- chlorophenyltrlchlorosilanes are respectively the 2, 3, 4, 6 -tetrachloto- and 2. 3, 4. 5, 6-penta- 
chlorophenylttichlorosilanes. 

In the above description of the properties of the chlorinated phenyltrichlorosllanes special mention should 
be made of the peculiar behavior shown by these compounds toward bromine water. In measure with increase 
in the degree of chlorination of the phenyltrichlorosilane the cleavage of the C -Si bond by bromine is made mote 
difficult. Thus, if phenyltrichlorosilane itself is cleaved at 100-110*, then the monochlorophenyltrichlorosilane 
already shows complete cleavage only at 140-150*. while the dichloto- and higher chlorinated derivatives fail 
to suffer cleavage even at 250*. As a result, based on their ease of cleavage with bromine (in the presence of 
water) these compounds can be arranged in the following order: 


CeHsSiClg > ClC6H4SiCl3> . . . > CeH,,_„Cl„SiCl3, 


where n = 2 and more chlorine atoms. 

Another pecuUarity of this interesting reaction is the fact that the cleavage with bromine proceeds only 
in the presence of water; here dry bromine fails to react with phenyltrichlorosilane even at 140 -150*. This 
peculiarity of the reaction could be explained by the fact that in the presence of water the phenyltrichlorosilane 
is first hydrolyzed to yield polyslloxanes, which are then cleaved by the bromine.. However, attempts to cleave 
the earlier obtained dichlorophenylsiloxane resin with bromine (or bromine water) proved unsuccessful — cleavage 
failed to take place. It can be concluded from all of these observations that the cleavage of the C -Si bond with 
bromine water is a complicated process, in which the ions of hypobtomous acid probably participate. 


EXPERIMENTAL 

I. Preparation of p-chlorophenyltrichlorosllane 

1, Chlorination in the presence of iron. A stream of dry chlorine was passed for 40 minutes at the rate 
of 40 ml/min. at 60 - 70* into a mixture of 15.0 g phenyltrichlorosilane and 0.075 g powdered metallic iron 
(0.5% of the weight of phenyltrichlorosilane). The weight addition of the reaction mass after blowing through 
dry chlorine was 2,7 g (as against 2,5 necessary for chlorination to the monochloroderivative). Vacuum-dis- 
tillation (7 ram) of the chlorination gave the following fractions; 1st, b. p. 70 -80*, 0.2 g; 2nd, b. p. 80-90*, 
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13.2 gi 3rd. b. p. 90-110“, 2.3 g. A second distillation of the 2nd fraction yielded 12.8 g liquid with 
b. p. 84-89“ (7 mm), which was monochlotcphenyltrichlorosilane. Yield based on the phenyltri- 

chlorosilane taken for reaction. 

Monochlorophenyltrichlorosllane was a colorless, ndobile liquid, fuming in ait, b. p. 87-88“ at 7 mm; 
df 1.4062. 

•Found 'ifc: Cl (total) 57,2, 57.0; Cl (hydrolysis) 42.9, 42.8. CeHtClSiClj. Calculated <70 : 

Cl (total) 57.7; Cl (hydrolysis) 43.29. 

A side product of chlorination of phenyltrlchlorosilane under the above described conditions was 
dichlorophenyltrichlorbsilane, isolated from the 3td fraction by a second distillation; we obtained 1,9 g 
liquid with b. p. 101-104“ (7 ram). The total yield of chlotophenyltrichlotosilanes (mono- and dichloro- 
derivatlves) was 83.07 o. 

By its properties, monochlorophenyltrichlotosilane proved identical to the p-chlorophenyltrichlorosilane 
prepared from p-ClC8H4MgBtandSiC)4. Moreover,, to verify its structure the obtained monochlorophenyltri - 
chlorosilane was subjected to cleavage with bromine water in a sealed tube. For this purpose 1.3 g mono- 
chlorophenyltrichlorosilane, 0.3 ml bromine and 2.0 ml water were placed in a glass tube. The tube was 
heated in a tube furnace at 140 -160“ for 7 hours. After heating, the contents of the tube were extracted 
with ether, the ethereal extract was washed with lO*?* soda solution, with water and was dried over CaCl2. 
From the ethereal extract we isolated a white crystalline substance which after two recrystallizations 
from alcohol, yielded lustrous white crystals (flakes) with m. p. 65.5“ and was p-chlorobromobenzene 
(''0.6 g). Yield ~60 % A mixed sample with synthesized p-chlorobromobenzene gave no depression. 

2. Chlorination in the presence of iodine. a) Into mixture of 10 g phenyltrlchlorosilane and 0.075 g 
iodine (0.75"7<> of the weight of phenyltri chlorosilane) was passed at 50-75* for 1 hour a stream of dry 
chlorine at the rate of 60 ml/min. 11.4 g chlorine was passed. In contrast to the preceding experiment, 
chlorination proceeded extremely sluggishly in this case (large chlorine by-pass). The weight addition 
of the reaction mass after blowing was 0.3 g (against 1.6 g, calculated for chlorination to the monochloro- 
derivative). Vacuum -distillation (7 mm) of the chlorination product yielded the following fractions: 

1st, b. p. 69-80“, 8.0 g; 2nd, b. p. 80 -98“, 1.4 g. The first fraction was unchanged phenyltrichlorosilane. 
From the second fraction we isolated 1.1 g of liquid with b. p. 87-89“ (7 mm) and df 1.4071, which was 
monochlorophenyltrichlotosilane; yield 9.5‘ifc, based on the phenyltrichlorosilane taken for reaction. 

b) Into a mixture of 15 g phenyltrichlorosilane and 0.5 g iodine of weight of phenyltrichloro- 
silane) was passed at 50-65* for 1 hour a stream of dry chlorine at the rate of 60 ml/min.; 7.2 g of chlorine 
was passed. In this case there was a vigorous chlorination. The weight addition of the reaction mass after 
blowing was 2.5 g (as. against 2.44 g necessary for chlorination to the monochloro derivative). Vacuum- 
distillation (7 mm) of the chlorination product yielded the following fractions: . 1st, b. p. 70-80“, 1.0 g; 

2nd, b. p. 80-95“, 12.0 g; 3rd, b. p. 95-112“, 3.5 g. A second distillation of die 2nd fraction yielded 
~11.5 g rrionochlotophenylttichlotosilane with b. p, 87-89“ (7 mm) and dl® 1.4070, yield ~ 6570, 
based on the phenyltrichlorosilane taken for reaction. A side product of the reaction was dlchlorophenyl- 
trichlorosilane, which was isolated from the 3td fraction by a second distillation; 2.6 g of liquid was also 
obtained with b. p, 102-104“ (7 mm). The total yield of chlorophenyltrichlbrosilanes was 86.0‘)t. The 
obtained monochlordphenyltrichlorosilane by its constants proved identical to p-chlorophenyltrichloro- 
silane prepared by the chlorination of phenyltrichlorosilane in the presence of iron. Moreover , for com- 
plete proof of identity, the raonochlorophenyltrichlorosilane was cleaved with bromine water by the 
above -desaibed method and p-chlorobromobenzene was obtained in a yield of 607>, m. p. 66“, 

II. Preparation of 2, 4-dichlotophenylttichlotosllane 

1, Chlorination of phenyltrichlorosilane in the presence of iron. Chlorination of phenyltrichloro- 
silane to the dichloro derivative was carried out under the same conditions as to the tiionochloro deriva- 
tive; only the quantity of passed chlorine was correspondingly increased. 
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Into a mixture of 15 g phenyltrichlorosilane and 0.075 g powdered metallic iron (0.57o of weight of 
phenyltrichlorosilane) was passed at 70“ for 1 hour and 45 minutes a stream of dry chlorine at the rate of 
40 ml/rain. 11.1 g of chlorine was passed. The weight addition of the reaction mass after blowing was 
5.1 g (as against 4.9 g necessary for chlorination to the dichloro derivative). Vacuum-distillation (7 mm) 
of the chlorination product yielded, the following fractions; 1st, b. p. 90-100“, 0.3 g; 2nd, b. p. 100-110 , 
15.0 g, 3rd, b. p. 110-120*, 3.0 g. A second distillation of the 2nd fraction yielded 13.9 g of liquid with 
b. p. 101-105“ (7 mm), which was dichlorophenyltrlchlorosilane. Yield 70.07o, based on the phenyltrichloro- 
silane taken for reaction. 

Dichlorophenyltrichlorosilane was a colorless, mobile liquid, fuming in air, b. p. 102-103“ (7 mm), 
df 1.4820. 

Found 7o: Cl (total) 62.4 , 62.8; Cl (hydrolysis) 37.3, 38.5. CgHjCljSiClj. Calculated 
Cl (total) 63.28; Cl (hydrolysis) 37.97. 

A side product of the reaction was trlchlorophenyltrichlorosilane, isolated from the 3rd fraction by a 
second distillation of the fraction; also 2.2 g of liquid was obtained, b. p. 117-119“ ( 7 mm). The total 
yield of chlorophenyltrichlorosilanes was 80.07>. 

For proof of structure of the obtained dichlorophenyltrichlorosilane, the latter was cleaved with AICI3. 
A mixture of 6.8 g silane and 3.25 g AlClj was set aside at room temperature for 12 hours and then heated 
for 2 hours at 50 -60“ (the mixture set aside in a flask fitted with calcium chloride tube). The reaction mass 
was decomposed with cold water. After steam-distillation, extraction with ether and drying, the residue, 
after driving off the ether, was distilled on an oil bath. A liquid was thus obtained with b. p, 170-174“ and 
d|® 1.2864, which corresponded in constants and chlorine content to m -dichlorobenzene. Yield 1.4 g, 
40.070, based on the silane taken for reaction. 

Found 7o; Cl 48.0, 47.9. CjH^Clj. Calculated 7o: Cl 48.3. 

For identification of m -dichlorobenzene (0.6 g). the latter was converted to the nitro derivative by a 
-iitrating mixture. After two recrystallizations from alcohol, crystals (needles) were isolated which were 
2, 4-dichloro-l-nittobenzene with ra. p. 32.2“ (literature data: m. p. 31.5-33“). Yield ~ 61.57o, based on 
the m -dichlorobenzene taken for the reaction. 

2. Chlorination of p-chlorophenyltrichlorosilane . Into a mixture of 5 g p-chlorophenylttichlorosilane, 
prepared from p -ClC6ll4MgBt and SiCl* and 0.025 g powdered metallic iron (0.57) of weight of p-chloro- 
phenyltrichlotosilane) was passed at 70“ for 20 minutes a stream of dry chlorine at the rate of 40 ml/min. 
Two distillations of the chlorination product in vacuum yielded 4.1 g dichlorophenyltrichlorosilane, 
identified by b. p. lOSr- 105“ (7 mm) and density dj® 1.4823, as the 2, 4 -dichloro derivative. Yield 
~72.0 7 o, based on the p-chlorophenyltrichlorosilane taken for the reaction. 



1. Chlorination in the presence of iron. Into a mixture of 15 g phenyltrichlorosilane and 0.075 g 
powdered metallic iron (0 .57ci) was passed at 70 -75” for 2 hours a stream of dry chlorine at the rate of 
40 ml/min. 16.6 g Of chlorine was passed. The weight addition of the reaction mass after blowing was 
7.0 g (as against 7.3 g necessary for chlorination to the trichloro derivative). Distillation of the chlorina- 
tion, product in vacuum (4 mm) yielded the following fractions: 1st, b. p. 90-108“, 4.9 g; 2nd, b. p. 
108-120“, 14.5 g; 3td, b. p. 120-125“, 0.3 g. A second distillation , of the 2nd fraction yielded 13.5 g of 
liquid with b, p. 112-114“ (4 mm), which was trichlotophenyltrichlorosilane. Yield 60.47o, based on the 
phenyltrichlorosilane taken for reaction. 

Trichlorophenyltrichlorosilane was a colorless, mobile, oily liquid, fuming in air, b. p. 117-118“ 

(7 mm); df 1.5651. 

Found 7): Cl (total) 67.2, 67.0; Cl (hydrolysis) 33.4, 33.7. CsHiCljSiCls. Calculated 7o: 

Cl (total) 67.62; Cl (hydrolysis) 33.81. 
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A second distillation of the 1st fraction yielded 4.2 g dichlorophenyltrichlorosilanc with b. p. 101-104“ 

(7 mm^ The total yield of chlorophenyltrichlorosilanes was Sl.Sfo. 

For proof of structure of the obtained trichlorophenyltrichlorosilane . the latter 
For this a mixture of 2.7 g silane and 1.15 g AlCl, was kept for 8 hours at room temperature ai^d ^en heated 
for 2 hours at 50-60* and decomposed with cold water. After steam -distillation. after two 

drying after the ether was driven off, the residue was in the form of white crystals (0. g), 

recrystallizations from alcohol had m. p. 64* and in chlorine content corresponded to trichlorobenzene. 

Found Cl 58.4, 58.5. C^HjClj. Calculated 'fo; Cl 58.6. 

The isolated trichlorobenzene (yield ~ 37<y<.. based on the silane taken for reaction) by melting 
point was identified as 1, 3, 5 -trichlorobenzene (literature data: m. p. 63.4“). 

2 Chlorination in the presence of AICI3. Into a mixture of 15 g phenyltrichlorosilane and 0 045 g 
Aid, (0 3% of weight of phenyltrichlorosilane) was passed at 50-55“ for 2 hours a stream of dry chlorin 
at the rate of 40 ml/min. 18.3 g of chlorine was passed. The weight addition of the reaction mass aft« 
blowing was 6 0 g. Moreover, in the receiver which was located at the outlet of the gases escaping from 
the reaction vessel and which was cooled externally with a freezing mixture (temperature -20 . -30 ) was 
obtained 2.6 g of yellow, pungent liquid. Thus, the total weight addition of the reaction mass was 8.6 g 
(as against 7.3 g, necessary for chlorination to the trichloro derivative). 

Distillation of the liquid in the receiver yielded a compound (2.0 g) with b. p. 56-57“ and df 1,4823 
which by constants was identified as SiC^. The distilled silicon tetrachloride was decomposed with water 
into hydrogen chloride and silicic acid. 0.6 g of SiO^ (85.7t?o) was isolated. The quantity of hydrogen 
chloride was determined by titration with alkali; it corresponded to the yield of SiOj. 

Vacuum -distillation (7 mm) of the chlorination product yielded two fractions; 1st. b. p. 90 -110 . 

5.0 g: 2nd. b. p. 110-125“, 12.1 g. 

When the first fraction was distilled, crystallization of the distillate was noted (crystals in the form 
of long needles). For investigation of composition, this fraction was treated with water and *en steam- 
distilled. The aqueous distillate was extracted with ether and the ethereal solution was daed. After driving 
off the ether, the residue was in the form of white crystals (3.0 g) which after 2 recrystallizations from 
alcohol had m. p. 115-125“ and corresponded in chlorine content to tetrachlorobenzene. 

Found 7o: Cl 65.2 , 65.4. C^HjC^. Calculated 7o: Cl 65.7. 

The indefinite melting temperature of the crystals indicated that they were . evidently, a mixture of 
isomeric tetrachlorobenzenes with a predominance of the 1, 2. 4. 5 -tetrachloro derivative (m. p. 137-138 ). 
After steam -distillation, the residue ( ~1.0 g) was a transparent light -yellow resin, the composition o. 
which was shown by analysis to be (CjHsCljSiOi s)^^. 

Found <7o: Cl 35,5, 35.6; Si 14.5. 14.1. (CeHsCljSiOi.s)^. Calculated <?o: Cl 35.85; Si 14.1. 

Thus, the 1st fraction contained chiefly tetrachlorobenzene and some dichlorophenyltrichlorosilane. 

A second distillation of the 2nd fraction yielded 11.0 g of liquid with b. p. 118-120“ (8 mm), which 
was trichlorophenyltrichlorosilane (df 1.5657). The total yield of chlorophenyltrichlorosilanes was 55<7o. 

3 Chlorination in the oresence of SbClj. Into a mixture of 15 g phenyltrichlorosilane and 0.045 g 
SbCU (0 3<7o of weight of phenyltrichlorosilane) was passed at 75“ for 2 hours a stream of dry chlorine at the 
rate of 40 ml/min. 17.0 g of chlorine was passed. The weight addition of the reaction mass after blowing 
was 7,8 g (as against 7.3 g necessary for chlorination to the trichloro derivative). Distillation of the chlorina- 
tion product in vacuum (7 mm) yielded the following fractions: 1st. b. p. 90 -110“, 0.5 g; 2nd, b. p. 

110 -125” 16 7 g; 3rd b. p. 125-135". 3.3 g. A second distillation of the 2nd fraction yielded 15.0 g of 
liquid with b’. p. 118-120“ (8 mm) and df 1.5654, which was trichlorophenyltrichlorosilane. A second 
distillation of the 3td fraction yielded 2.6 g tetrachlorophenyltrichlorosilane with b. p. 130 -132“ (7 mm). 

The total yield of chlorophenyltrichlorosilanes was ~90.0“7o. 
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* IV Prenaration of 2 3 4. e-tetrachlorophenyltrlchlorosllane and pentachlorophenyltrichlorosilane. 

Ir,to a mixture of 15 g phenyltrichlorosilane and 0.075 g powdered metallic iron (0.5<^) was passed a stream 
of dry chlorine at the rate of 40 ml/min., first for 2 hours at 100" and then for 2 hours and 20 minutes at 
120 -125“. 32.3 g chlorine was passed. The weight addition of the reaction mass after blowing was 11.4 g 
(as against 12.2 g necessary for chlorination to the pentachloro derivative). As the chlorination product 
cooled it crystalUzed (long needles). Vacuum -distillation yielded fractions: 1st. b. p. 120-130 (4 mm). 

7.0 g; and 2nd, b. p. 140 ‘■155* (9 mm), 17.0 g. 

A second distillation of the 1st fraction yielded 6.4 g of liquid with b. p. 124 -127“ (4 mm) which was 
tetrachlorophenyltrichlorosilane. Tetrachlorophenyltrichlorosilane was a colorless, mobile, oily liquid, 

fuming in air, b. p. 125-126* (4 mm); d4 1.6340. 

Found <70: Cl (total) 70.8, 70.5; Cl (hydrolysis) 30.5, 30.3. CgHCUSiCl,. Calculated <7): 

Cl (total) 71.1; Cl (hydrolysis) 30.47. 

A second distillation of the 2nd fraction yielded 16.0 g of colorless transparent liquid with b. p. 

144 -149“ (8 mm), which upon cooling crystallized into long white needles which were pentachlorophenyltn - 
chlorosilaae. Yield 58.8‘yo, based on the phenyltrichlorosilane taken for reaction. 

Pentachlorophenyltrlchlorosilane was a white crystalline substance, difficultly soluble in ether and in 
benzene, readily soluble in carbon tetrachloride and in chlorobenzene; does not burn when placed in bate 
flame. It crystallized from a mixture of carbon tetrachloride and ether in the form of needles, m. p. 

59.5”, b. p. 146-147“ (8 mm). 

Founds; Cl (total) 73.4, 73.1; Cl (hydrolysis) 27.1, 27.3. CgClsSiClj. Calculated “fo: 

Cl (total) 73.96; Cl (hydrolysis) 27.73. 

The total yield of polychlorophenyltrichlorosilanes was 84.6<7o. 


1. It was established that the chlorination of phenyltrichlorosilane in the presence of the usual 
catalysts fos the halogenation of aromatic compounds (FeClg, AlCl,, SbClj, Ij) can give a whole set.es o 
chlorinated phenyltrichlorosilane derivatives, tanging from the monochloto-to the pentachloro- derivative. 

2 It was observed in contrast to chlorination in the presence of either SbCl, or iodine, that the 
chlorinatior. of phenyltrichlorosilane in the presence of AlCl, is accompanied by a sharply defined secondary 
process which proceeds with the formation of products that arise as the result of cleavage of the silane 
molecule at the C -Si bond by chlorine. This secondary process of destructive chlorination proceeds to very 
slight degree in the presence of FeCl, when phenyltrichlorosilane is chlorinated at 140-150“ to the penta- 
chloro - derivative. 

3. All five chloro derivatives of phenyltrichlorosilane were isolated in the pure form, and the physico- 
chemical and chemical properties of the previously unknown di-. tri-, tetra- and pentachloro- derivatives 
were characterized for the first time. 

4 The structure of all five chlorination products of phenyltrichlorosilane was shown, and it was es- 
tablished that the monochloro- derivative is the 1. 4 -isomer, the dichloro- derivative - the 1. 2. 4 -isomer, 
the trichloro- derivative - the 1, 2. 4, 6 -isomer, the tetrachloro- derivative - the 1. 2. 3. 4. 6-isomet, 
and the pentachloro- derivative - the 1. 2, 3. 4. 5, 6-pentachlotophenyltrichlotosilane. 

5 It was revealed that the chlorination of phenyltrichlorosilane in the presence of any of the above 
mentioned catalysts proceeds abnormally with respect to the orientation effect of the SiCl, group Instead 
of normal meta -orientation, here anomalous ortho-, para -orientation of the chlorine atoms entering the 
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SYNTHESIS OF P H Y S lO LOG IC A L L Y ACTIVE PUTRESCINE DERIVATIVES 
A. A. Ryabinin, A. D. P a na sh chenk o , I. L. Anisimova and G. Yu. Levin 


Pharmacological study of earlier synthesized N -alkylated puttescines has shown that these substances 
possess clearly defined hypotensive properties. The degree and duration of reduction in blood pressure is in 
Lerse propoLon to the size of the radicals: N. N'-diisopropylputrescine Is the most active, while he mono- 
and N, N'-^sooctylputrescines are the least active in hypotensive effect for the given series of substances. All 
of the studied alkylated diamines depress the central nervous system and block the sympathetic ganglia. 


It seemed of interest to obtain those substances in which the ability to stimulate the central nervous system 

is combined with hypotensive properties. For this purpose we synthesized two new substances: di-N. -( - 
benzylethyDputrescine (I) and N-isopropyl-N'-(l-benzylethyl)putrescine (II). 


C6H5-CH2-CH-NH-(CH2)4-NH-CH-CH2-C6Hb 

CH, CH3 

CH3-CH-NH-(CH2)4-NH-CH-CH2-C6H3 

CHa CH3 


The first of these substances can be regarded as being a substituted diisopropylputrescine derivative, ex- 
pected to show the hypotensive effect characteristic of the latter. Together with this, two phenamine (1- 
benzylethylamine) molecules are combined in the structure of this diamine, bound through mtrogen atoms to 
the chain of methylene groups. Phenamine and its N -derivatives are extremely active stimulators and i could 
be expected that di-N. N'-(l-benzylethyl) putrescine will also show the 

Pharmacological study confirmed this postulation; however, it was revealed that di-N. N y V ] 

putrescine possesses less prolonged hypotensive effect than does diisopropylputrescine. fails to show 
blocking properties, while its nerve stimulatory activity is weaker than that of phenamine. As was o 
pected. the physiological properties of N-isopropyI-N'-(l-benzylethyl)-puttescine lie intermediate between 
those of di-N. N'-(l-benzylethyl) putrescine and N, N' -diisopropylputrescine. 

We obtained di-N. N'-(l -benzylethyDputrescine by the reductive alkylation of putresctae with methyl 
benzyl ketone (50% yield). The unsymmetrical substitution of putrescine in the synthesis of the second diamine 
was tun in two stages- 1) the reductive alkylation of putrescine with an equimolar amount of acetone (the 
yield of isopropylputrescine was 46%), and 2) the condensation of isopropylputrescine with methyl benzyl 
ketone and subsequent hydrogenation of the reaction mixture (73% yield). The alkylation of both ammo groups 
was proved by reaction with nitrous acid, where nitrogen evolution failed to occur. 

Desiring to elucidate the preparative significance of the reductive alkylation method for obtaining mono- 

ge...lon. .n .qulmolr .iiio«»t of hydrocMo.lc add will, ropaot lo ite •™d"> «! P«<teK™ UMn. Thi. paccUl 
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did not :'ffect 


„;„in nf nmnosiibstitutcd pnttcsfiiio nnd 

nauti-alization ol the putrescine iaiwu lu , 

the hyd'v-enatioil fate; 

;uKii' I, I 

;;:aS« of di^tochiotide. Vieid SO., M. p. .Bd-.se-. 

The HCl Lnteii of the dihydrochloride was deternnined gravitoetncally. 

Found -yo; HCl 18.32. Calculated <yo: HCl 18.35.^ 

The dioictate recrystallized from alcohol, melted at 187.5-188.5*. 

r;;.. C ;2.12: « a..., K .... C.H3 A.Ns. calculated.. C 52.17., H .88. H 1.32. 

U opropylputr e^ 1) S ml aTc^oTra; hyTogenated with platinum 

3.0e Uters^drogen ^ ^ - 

isopropylputrescine which distilled at 103.0 -104.2 ( 60 mm), yield 46.o. 

2) The experimental conditions and 3^1'' 

Slr^Aldm^nTs^rS IZLZm liters). Yield 0.0686 mole (8.93 g) of isopropylputrescine 
with b. p. 102.6-102.8' (58 mm), df 0.8 3 70. yield 46.o. 

The dihydrochlotide, m. p. 177-178' and the dipicrate, m. p. 163.5-164.5' were obtained. 

Analysis of the dipicrate. Found .0. N 19.23. C,3H3.0,,N,. Calculated .0. N 19.04. 
^opropyl-N-(l-benzjJgM)^E!^^ 

2.84 liters). After removal of the catalyst and drivmg o ' <j20.7o ,9082. yield 73<!/o. 

Yield 0.0835 mole (20.74 g) of base which distilled at 152-152.6 (6 m ), 

Found 7o. C 77.40, 77.61. H 11.38, 11.32. N 11.23, 11.31. C.^H^N^. Calculated <7o: 

C 77.36. H 11.36; N 11.28. 

The dihydrochlotide, recrystallized from alcohol, melted at 218-218,5' and did not give off nitrogen 
in reaclg wi nitrous acid. The picrate had m. p. 168 -168.5' (from alcohol). 

K-isoamylputrescj^ In one ' 

hydrogen chloride, 7.35 ml water and 0.0 ( . nlatinic oxide In the course of 

4*os...W .n ... p»»nc. »■ ■»' P““"™ 

100 minutes, 1.17 liters of hydrogen was absorbed (ca cul _ extracted with ether. The 

wls vLVm-distilled. Yield 0.103 mole (16.34 g) of isoamyl- 


• The putrescine was fused before the experiment. 

•• A quantity sufficient to dissolve the putrescine hydrochloride. 
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putrescine which boiled in the- range of 89.4-90.4' (6 mm) and at 93.2-84.6' (8 mm) (the literature gives 
95-96° at 10 mm); yield 51fo. The dipicrate of this base melted at 173-174', the dihydrochloride at 292°. 

Both salts were identified with the corresponding salts of isoamylputtescine which were previously prepared [1]. 


SUMMARY 

For the purpose of obtaining substances, showing combined hypotensive and nerve stimulatory pro- 
perties, we synthesized two new compounds: di-N, N'-(l-benzylethyl)puttescine. (I) andN-isopropyl-N'- 
(1-benzylethyl) putrescine (II). Both substances are considerably less active stimulants than is phenamine, 
and show less prolonged hypotensive action than does N, N'-diisopropylputrescine. 
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FRITILLARIA ALKALOIDS 


I. ALKALOIDS OF FRITILLARIA RADDEANA RGL. 
Kh, A. Aslanov and A. S. Sadykov 


One of us together with Lazuryevsky [1, 2] has shown that the bulbs of F. Raddeana (local name "alvan") 
contain a considerable amount of alkaloids. From the total alkaloids found here we isolated a new crystalline 
base, which we named raddeanine, having m. p. 255-257' and empirical formula C^iHss ( = N) (OH)*. In 
this communication we give the results obtained by us in separating the whole alkaloidal mixture. 

The plant bulbs for out work were harvested in 1952 neat the Kara-Kala station in Turkmen- SSR in the 
early part of May and toward the end of July. It was found that the plants that were harvested In May had a- 
hieher alkaloidal content {0.85-0.90‘H.) than did those that were harvested in July (0.70-0.75‘7o). It is interesting 
to mention that the content of the main alkaloid, raddeanine, in the total alkaloids was greater in July (64<7ci) 
than it was in May (42%). This shows the considerable changes present in the composition of the alkaloids and 
in their total amount in the plant as a function of the vegetation period. 

The total alkaloidal content was isolated in the usual manner; extraction with dichlotoethane, washing 
the dichlotoethane extract with 10% sulfuric acid, and precipitation of the alkaloids as a yellow powder from 
acid solution with ammonia. Repeated recrystallization of the mixed alkaloids from' alcohol and washing with 
acetone enabled us to obtain raddeanine with m. p. 265-266”. 

Raddeanine is a saturated tertiary base and fails to contain the N -methyl group. It is optically inactive. 
It gives a number of well -crystallizing salts and derivatives (Table 1). The analytical data for raddeanine 
itself as well as for its salts and derivatives, in contrast to the original formula [2], show good agreement 
with the formula CmHj, ( =N) (OH)*, The hydroxyls in raddeanine appear as alcohol groups; depending on 
the conditions, they behave differently when acylated. When reacted with acetyl chloride in the cold the 
monoacetyl derivative is obtained, while dlacetylraddeanine is obtained when the mixture is heated. The 
heating of raddeanine with benzoic anhydride yields the monobenzoyl derivative. Reaction with beraoyl 
chloride, in the presence of pyridine, leads to dibenzoylraddeanine, which when saponified with 45% sulfuric 
acid again reverts back to raddeanine. 

From the acetone and alcohol mother Uquors, after removal of the raddeanine and prolonged treatment, 
we isolated 5 more new crystalline alkaloids (Table 2). 
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TABLE 1 


Salts and Derivatives of Raddeanine. 


Hydrochloride 

Melting point 

170-171' 

Composition 

C^HjAN-HCI 

Analytical results 

Found %: N 3.39, 3.25; Cl 8,70 , 8.75. 

M 408.1. 405.7. Calculated %: 




N 3.42; Cl 8.64. M 409.5. 

Perchlorate 

206-207 

C24H,AN • HCIO4 

Found %: N 2.80, 2.94. Calculated %: 

N 2.95. 

Methiodide 

250 -252 

C24H3sOjN-CHjI 

Found %; N 2.85, 2.79; I 24.62 , 24.55. 
Calculated %: N 2.72.124.66. 

Chloroaurate 

130 -132 

- 

- 

Monoacelyl derivative 

115-116 j 

CjsHiAN 

Founds C 75.34, 75.63, 75.18; H 
10.13, 10.08, 10.28; N 3.38, 3.51. 




Calculated %: C 75.19; H 9.88; 

N 3.37. 

Diacetyl derivative 

172-174 

Cj8H4,Q4N 

Found % C 73.23, 73.18; H 9,55, 

9.66; N 3.13, 3.20. Calculated 




%; C 73.52; H 9.41; N 3.06. 

Monobenzoyl derivative 1 

236-237 

CaAjOjN 

Found %: C 77.98, 77.87; H 9.10, 

9,25; N 2.85, 2.91. Calculated 




%: C 77.98; H 9,02; N 2.93. 

Dibenzoyl derivative 

190 -192 

CS8H4704N 

Found %: N 2.21, 2.30 . Calculated 
%. N 2.41. 


EXPERIMENTAL 

Isola tion of total alkaloids. Isolation of the alkaloids was performed by the usual method; frotn 7.5 kg 
of bulbs harvested in May 60 g of alkaloids was isolated and from the same amount of bulbs collected in 
July we isolated 47 g. 

Rp.snl utinn of total alkaloids obtained from bulbs harvested in Majf. 60 g total alkaloids was 
recrystallized from alcohol; the crystals so obtained were recrystallized from alcohol: the cryst^als then had 

m p 257-259« (With decomp.) and weighed 14 g. The crystals were washed with acetone in the cold, 

separated and repeatedly recrystallized from alcohol. The crystals thus obtained were thoroughly hoino- 
neneous crystals of raddeanine in the form of colorless prismatic needles with m, p. 265-266 . From the 
alcoholic mother liquors, after driving off the alcohol and treatment with acetone, was obtained 2 g 
mote of raddeanine with m. p. 256-259°. 

In the acetonic mother liquors, after driving off the solvent, a yellowish powder remained which 
was dissolved in 10% hydrochloric acid and precipitated with ammonia in the form of a colorless powder 
(40 a). The powder was treated with petroleum ether with heating. After the solvent had been driven off 
until a small volume of solution remained, cooling brought down 0.3 g of crystals. The crystaU were 
separated, washed and recrystallized from petroleum ether. Colorless crystals were obtained with m. p. 
245-247° (with decomp.) ("Base No, 5"). A mixed sample with raddeanine melted at 234-236 . 
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TABLE 2 


New Alkaloids Isolated from Fritillaria Raddeana Rgl. 



Content in | 
total i 

alkaloids I 
(in %) 

Melting point 

Composition ; 

1 

Analytical results 

Raddeamine 

1.83 1 

1 

271-272° 

CzaHstOjN j 

Found %: C 76.64, 76.54; 

H 10.40, 10.47; N 3.95, 
3,87. Calculated %; C 
76.88:1110.31; N 3.90. 

Raddeamine hydrochloride 


235 -236 

CajHjAN • 

HCl 

Found %: Cl 9.14, 9.09. 

M 388.5, 390.4. Cal- 
culated %: Cl 8.98; 

M 395,5. 

Alvanine 

1.3 

185-187 

C26H43P3N 1 

■ 

Found %: C 74.74, 74.61: 

H 10.39, 10.54; N 3.45, 
3.45. Calculated %: 

C 74.83; H 10.31; 

N 3.36. 

Alvanine hydrochloride 


163-165 

CaeHisPsN ■ 

HCl 

Found %: Cl 7.86, 8.09. 

M 453.8, 451.6. Cal- 
culated %: Cl 7.83. 

M 453.5. 

Alvanidine 

1.33 

235-236 

CmHjsOzN 

Found %: C 75.34, 74.87; 

H 10.40, 10.51; N 4.31, 
4.35. Calculated %; C 
75.23; H 10.34; N 4,39. 

Alvanidine hydrochloride 


174-175 

C20H33O2N • 

HCl 

Found %: Cl 9,98, 10.10; 

M 355.8, 351.6. Cal- 
culated %: Cl 9.99; 

M 355.5. 

Base No. 5 

0.5 

245-247 

- 

- 

Hydrochloride of Base 





No, 6 


197-199 




After treatment with petroleum ether, the residue was extracted with benzene for 20 hours in a con- 
tinuous extraction apparatus. From the portion insoluble in benzene (26 g), after removal of resins (by 
repeatedly washing with acidic chloroform solution), precipitation of the alkaloids with ammonia solution 
yielded a yellow powder. The latter was dissolved in chloroform, extracted with 5% hydrochloric acid 
solution and precipitated with 15% ammonia solution. Three repetitions of this operation and recrystalliza- 
tion from alcohol yielded raddeanine with m. p. 258-260° (4 g). From the alcoholic mother liquor, after 




removal of the solvent, was obtained a pale-yellow powder (14 g), which was very readily soluble In all 
ordinary organic solvents. Individual substances could not be isolated from it. Evaporation of the benzene 
from the benzene extract yielded a brownish -yellow powder (12 g). The powder was dissolved in Ifo hydro- 
chloric acid and precipitated with ammonia. The precipitate was boiled with benzene (4 times with 35 -ml 
portions). The portion soluble in benzene (4 g) was a yellowish powder which was treated with cold acetone 
and the residue was recrystallized from alcohol; 2 g of taddeanine was thus obtained with m. p. 259-260°, 

The acetonic mother liluor was concentrated to low bulk and set aside overnight; crystals came down 
(1.1 g) which. after two recrystallizations from acetone, had m. p. 271-272° (raddeamine), A mixed sample 
with taddeanine melted at 227-229°. A mixture with "Base No. 5” melted at 235-238°. 

After boiling with benzene, the residue was treated at the boil with a mixture of acetone and methyl 
alcohol. Upon standing, crystals came down from the solution. After two recrystallizations from alcohol, 
taddeanine was obtained with ra. p. 254-260° (3 g). 

The portion which was insoluble in a methanol -acetone mixture was dissolved with heating in ethyl 
alcohol; after evaporation of the alcohol to low bulk and prolonged standing at room temperature, crystals 
(0.8 g) came down from the solution and after 2 recrystallizations from alcohol, had m. p. 235-236° 
(alvanidine), A mixed sample with taddeanine melted at 230-232°. A mixture of alvanidine and raddeamine 
melted at 231-234°. In mixture with "Base No. 5'', alvanidine melted at 221-224°. From the alcoholic 
mother liquors, no crystalline bases could be obtained. 

Resolution of total alkaloids obtained from bulbs harvested in July. From 50 g total alkaloids by means 
of rectystallization from alcohol, 27 g of taddeanine was isolated with m. p. 259-260°, which after suitable 
treatment yielded taddeanine with m. p. 265-266°. The mother liquors were combined after separation of 
taddeanine and the solvents were driven off. The residue was dissolved in sulfuric acid and precipitated 
with ammonia in the form of a colorless powder. The latter was boiled several times with petroleum ether. 
The petroleum ether was driven off until the residue was dry and the latter was treated with b^o hydrochloric 
acid solution; almost half of the mass (0.45 g) remained insoluble in the form of the hydrochloride, which 
after recrystallization from water melted at 197-199° ("Base No. 6"). From the acidic solution, upon 
neutralization with Ib’^o ammonia, an amorphous powder (0.3 g) came down. m. p. 165-172° (with decomp.); 
it could not be obtained in its crystalline state. 

After treatment with petroleum ether, the residue was boiled several times with benzene. From the 
benzene solution, after drivi.ng off the solvent until a small volume remained, upon standing, crystals (3 g) 
came down which upon recrystallization from alcohol, yielded taddeanine with m. p. 259-260°. The benzene 
mother liquor, after separation of crystals, was evaporated to dryness and treated with cold acetone. From 
the portion which was insoluble In acetone was obtained taddeanine, m. p. 256-259° (2 g) by rectystallization 
from alcohol. After driving off the solvent until a small volume remained, long standing (for a month) gave 
crystals (0.65 g) which after rectystallization from acetone had m. p. 185-187° (alvanine). From the portion 
which was insoluble in boiling benzene (12 g) and which was in the form of a brown powder, no crystalline 
bases could be obtained. 

Raddeanine was readily soluble in chloroform and in dichloroethane, more difficultly soluble in 
alcohol and in acetone, very difficultly soluble in benzene and insoluble in water, ether, in alkali and 
ammonia solutions. It could not be hydrogenated with hydrogen in the presence of Ni and Ft or with sodium 
in alcohol. For analysis, taddeanine was taken with m, p. 265-266°, vacuum-dried (1 mm) at 80-90° for 
2 hours. 

Found '7o: C 77.18, 77.13; H 10.30,10.40; N 3.78,3.86; OH 8.29, 8.45. C24H3,(OH)2N. 
Calculated lyo: C 77.21; H 10.46; N 3.75; OH 9.12. 

Raddeamine . It was in the form of crystals, m. p. 271-272°. It was readily soluble in chloroform, 
dichloroethane and in alcohol, mote difficultly - in acetone .and insoluble in ether and in water. It gave 
only the crystalline hydrochloride. 


@ 
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Raddeamine hydrochloride. 6 mi of 5^o hydrochloric acid solution was added to 0.1 g of base and the 
total mass was steamed to dryness on a water bath. The dry residue was first recrystallized from water and" 
then from alcohol; crystals were obtained with m. p. 234-235°. The hydrochloride was difficultly soluble 
in water, more readily in alcohol, and practically insoluble in acetone, 

Alvanine. Coarse lustrous crystals with m. p. 185-187°. It was readily soluble in chloroform and in 
dichloroethane, sparingly in acetone, insoluble in ether, water and in petroleum ether. It gave a hydro- 
chloride which crystallized well. 

Alvanine hydrochloride . The base was dissolved in alcohol and to this was added an alcoholic solution 
of hydrogen chloride until an acid reaction was obtained on Congo, The alcohol was driven off on a water 
bath until a dry residue remained. The dry residue was recrystallized from anhydrous alcohol; crystals 
came down with m. p. 163-165°. 

Alvanidine. The base was in the form of white granular crystals with m. p. 235-236°. It was readily 
soluble in chloroform and in dichloroethane, more sparingly soluble in methyl and ethyl alcohols, very 
sparingly soluble in acetone, and practically insoluble in ether and in water. It gave a hydrochloride which 
crystallized well. 

Alvanidine hydrochloride, 0.05 g base was dissolved in 5 ml alcohol and to this was added an alcoholic 
solution of hydrogen chloride until an acid reaction was obtained on Congo. After evaporating off the 
alcohol in vacuum, a white powder remained which after recrystallization from a mixture of anhydrous 
alcohol and dry acetone had m. p. 174-175°. 

SUMMARY 

1. The bulbs of F. Raddeana , harvested in May, have a higher alkaloidal content (0.85 -0,90*70) than 
do those that were harvested in July (0.70 -0.75*70). 

2. The amount of raddeanine in the total alkaloids varies as a function of the harvesting season. The 
bulbs of the plants harvested in May, contain only 42*7o taddeanine; those that were harvested in July of the 
same year show a raddeanine content of 647o, based on the total amount of alkaloids. 

3. In addition to raddeanine. 3 new crystalline alkaloids were isolated from the bulbs, for which the 
empirical formulas were determined: raddeamine C23H37O2N, alvanine C3gH43C^N, and alvanidine C23H33C)3N, 
and also "Base No. 5” with m. p. 245-247°, and " Base No. 6" (isolated as the hydrochloride). As a result, 

it was established that the bulbs of F. Raddeana contain, besides taddeanine, at least five other alkaloids. 

4. The earlier found empirical formula for taddeanine was corrected. It was shown that it has the 
composition C34H39NO3. 
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HEXAA LKYLDISILANES 

M. G. Voronkov and Yu. I. Khudobin 


Based on existing literature data the synthesis of hexaalkyldisilanes RjSiSiRj (R = alkyl) can be realized 
by two paths: a) the reaction of hexahalodisilanes with either organozlnc or organomagnesium compounds 
[1-5] in accord with the scheme: 



SisRg-r-eMgXs 


SfsRg SZnXj 


and b) the reaction of trialkylhalosilanes with metallic sodium in the absence of solvent [6, 7] by the scheme: 


2R3SiX-H2Na ^ R3SiSiR3-»-2NaX(X = Cl.Br). 


With all of the described methods for the synthesis of hexaalkyldisilanes the yields of these compounds 
usually fail to exceed 50-54%, and it is only in the experimentally difficult reaction of dimethylzinc with 
hexachlorodisilane, carried out in a sealed tube at 80" in the presence of ethyl ether [4], that a yield of hexa- 
methyldisilane approaching 74% is achieved. 

The higher hexaalkyldisilanes, with the alkyl radicals containing more than three carbon atoms, have 
not been known up to now, • and obviously their synthesis by existing methods should lead to low yields, since 
hexapropyldlsilane is already obtained with greater difficulty from hexachlorodisilane than is hexaethyldisilane, 
and its yield proves to be low [5]. 

In this study we investigated the possibility of synthesizing hexaalkyldisilanes by the method of reacting 
molten sodium with the recently made readily available trlalkyliodosilanes [8], in accord with the scheme 


2R3SiI-t-2Na 2NaI -^RaSiSlR,. 


• In contrast, the hexaaryldisilanes have been described quite fully in the literature. 
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In addition, we attempted to replace the sodium in this reaction by other metals., phosphorus and sulfur. 

Up to now the reaction of trialkylhalosilanes with metallic sodium has been realized only on the single 
example of synthesizing hexaethyldisilane. which was obtained in identical yield (bd-^o) from either the trl- 
ethylbromosilane [6] or the triethylchlorosilane [7]. 

We hoped that the use of the trialkyliodosilanes. being much more reactive than the corresponding 
chlorides and bromides, would lead to considerably higher yields of the hexaalkyldisilanes. and also make 
possible to easily obtain the higher members of this series. 

Our attempts to cleave iodine from the trialkyliodosilane by heating the latter with a numter of metals, 
sulfur or phosphoms, proved unsuccessful. Thus, for example, in contrast to the iodosilane H,SiI [9], the 
trlethyliodosilane remained completely unchanged under prolonged boiling with either sulfur or p osp orus. 

Also complete failure to react was observed when the trlethyliodosilane was heated either aluminum, 
magnesium, zinc, mercury or copper in nitrogen-filled sealed ampoules at 140 -150 for 40 hours. 

At the same time, in accord with the data of Eaborn [10], we found that the trlethyliodosilane reacts 
with magnesium in absolute diethyl ether medium to form some sort of organomagnesiura compound. A study 
of this reaction revealed that it leads to the formation of ethylmagnesium iodide, since the triethyliod^tlane, , 
under heating, and slowly even in the cold, easily cleaves the ether into ethyl iodide and hexaethyldlsiloxane 
yield) by the scheme; 

(C2HB)3Si \ -t- (C2H6)20 (C2H6)3SiOC2HB CbHbIs 
(C2H5)3SiOC2HB-i-(C2HB)3SiI -> (C2HB)3Sl-0-Si(C2HB)3 ■+• CsHbI. 

Since the main reaction product of the triethyliodosllane with diethyl ether proved to be hexaethyldlsiloxane, 
and not triethylethoxysilane. then it could be assumed that the latter reacts with the trlethyliodosilane in ether 
medium more easily than does the ether itself. Actually, a study of the reaction of triethyliodosllane with 
triethylethoxysilane revealed that they easily react by the scheme given above, forming hexaethyldlsiloxane and 
ethyl iodide (both in 91‘fo yield). These results led us to the discovery of a general reaction for the cleavage of 
alkoxysilanes (and also of ethers) by iodosilanes, leading to the formation of alkyl iodides and the corresponding 
siloxanes, in accord with the scheme; 


which was confirmed by us on a number of other examples. A similar reaction, proceeding however only in 
the presence of catalysb, has also been described for the chlotosilanes [12], 

As a result, the opinion [10., 11] prevailing in the literature that the iodosilanes with magnesium in ether 
medium can give organomagnesium silicon compounds is untenable. 

We further found that both the lower and higher trialkyUodosilanes react smoothly with molten sodium 
in the absence of solvent, forming here the corresponding hexaalkyldisilanes in 70 -80'?. yield. In this connection 
the higher trialkyliodosilanes show slower reaction with sodium than do the lower members (see t able). The 
yields of the hexamethyl- and hexaethyldisilane (78-80'?.) are considerably higher than by the earlier used 
methods for their preparation. In particular, the yield of hexaethyldisilane is 25*?. greater than in its synthesis 
from either the triethylbromo- or triethylchlorosilane [6. 7]. When we reacted tri-n-butylchlorosilane with 
molten sodium the yield of hexa-n-butyldisilane (47?.) was 17?.. less than in its synthesis from tri -n -butyl - 
iodosilane (64?.). 

Consequently, our studied reaction of trialkyliodosilanes with molten sodium Is a convenient general 
method for the preparation of hexaalkyldisilanes, which is based on readily available reagents and is characterized 
by high yields of the final products. 



ilkyldisilanes RjSiSiRj 


Boiling point of impur 
product 

108—113° 

119—120 (7 mm.) 
287—293 
186—190(1.5 mm) 
186—187(2 romi 
235—236(0.5 mm.) 

Yield of 
impure 
product (?.) 

77.5 

79.6 

68.3 

64.2 

74.1 

42 

Duration of 
reaction 
(in hours) 

5 

5 

5 

10 

20 

25 


aiBinoiB: 

38.38 

24.37 

17.86 

14.08 

11.63 

9.90 

1 

Found 

38.13, 38.60 

24.31, 24.17 
17.26, 17.68 
14.45, 14.44 
11.95, 11.31 
9.55, 9.43 

So 

sl 

0.0092 

0.0104 

0.0103 

0.0100 

0.0094 

0.0092 

Sq 

1.4229 

1.4790 

1.4721 

1.4694 

1.4667 

1.4691 


0.7268 

0.8351 

0.8291 

0.8306 

0.8260 

0.8366 

ruiiil U]). 
3insS3Jd 

760 

760 

1.5 

1.5 

2 

0.5 

Boiling 

point 

113.3° 

r^^i2.°) 

128.5— 129 

187.5— 188.5 
185.9—186 

235-236 


j 



A: a result of the present study synthesized 
six hexaalkyldisilanes, three of them being previously 
unknown. The duration of reaction, the yields of 
the obtained hexaalkyldisilanes, their analysis data, 
and their physical properties are all given in the 
table.. 

All of the hexaalkyldisilanes synthesized by 
us ate colorless viscous liquids with characteristic 
odor. It is interesting to mention, in contrast to 
the hexaaryldisilanes [13], that the hexaalkyldisilanes 
fail to evolve hydrogen even when boiled with either 
water or alcoholic caustic, or with aqueous organic 
bases. Also, they fail to dissolve in concentrated 
sulfuric acid and are not decomposed by it, which 
fact can be used to separate the hexaalkyldisilanes 
from hexaalkyldisiloxane impurities. 

EXPERIMENTAL 

Starting reagents . The trialkyliodosilanes 
were prepared either by the reaction of hexa- 
alkyldisiloxanes with iodine and aluminum or 
else by the action of iodine on trialkylsilanes. 

Tributylchlorosilane was prepared by the 
reaction of hexabutyldisiloxane with aluminum 
chloride [8] and had b. p. 242-243' (750 mm), 
df 0.8793, n§ 1.4471. 

Triethylethoxysilane was prepared by the 
reaction of trlethylsilane with absolute ethyl 
alcohol [14] and had b. p. 154.0' (760 mm), 
dj“ 0.8160, n“ 1.4140. 

Commercially pure metallic sodium, 
magnesium, aluminum, mercury, .'copper, zinc 
and also iodine, sulfur and red phosphorus were 
used. 

Petroleum ether with b. p. 50-80* was 
purified by prolonged mechanical shaking with 
a mixture of sulfuric acid and oleum and aftAr 
washing and drying was distilled over metallic 
potassium. 

Special attention was given to the purifi- 
cation of nitrogen from traces of moisture and 
admixed oxygen which would cause the formation 
of undesirable side products - hexaalkyldisiloxanes. 
For this purpose cylinder nitrogen (97?. Nj) was 
freed of oxygen by passage through a saturated 
solution of INH4CI in NHbOH in the presence of 
copper thread [15] after which it was passed 
through absorbers with 50?. H2SO4, solid KOH, 
cone. HeSQi, PjO^, a column filled with sodium 
wire and finally, through a test tube with fused 
sodium. 
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Analytical method . All the reactions of trialkyliodosilanes (and also of tributylchlorosilane) with 
sodium were carried out in a thick -walled round -bottomed 250 ml 3 -necked flask fitted with reflux con- 
denser. high-speed mechanical stirrer with mercury seal, dropping funnel and nitrogen inlet. The reflux 
condenser was connected to a Tishchenko bottle with concentrated sulfuric acid. 

Into the nitrogen -filled reaction flask was placed metallic sodium (molar ratio Na : RjSiX = 2), and 
the flask was then heated on a polysiloxane bath to 130-140”. The corresponding trialkyliodosilane was 
introduced drop -wise in the course of 30 -45 minutes with energetic stirring into the fused sodium and the 
flask was further heated at the cited temperature for 5-25 hours (depending on the structure of the initial 
trialkyliodosilane). All syntheses were carried out in a stream of pure dry nitrogen (rate of 4-5 bubbles 
pet minute). 

When the reaction was complete, the hexaalkyldisilane was extracted from the reaction mixture with 
four 80-100 ml portions of petroleum ether. The precipitate of metallic sodium and sodium iodide was 
filtered off in a nitrogen atmosphere, washed with petroleum ether and was rapidly dissipated. After pet- 
roleum ether was driven off from the combined filtrate, the remaining hexaalkyldisilane was distilled over 
metallic sodium or potassium in. a column with an efficiency of 12 theoretical plates (the higher hexaalkyl- 
disilanes were distilled in vacuum). 

The method for determination of the physical constants and the accuracy of their determination was 
previously described [16]. For determination of constants, all the substances were given a repeated distilla- 
tion in the column and the intermediate portions of the constant boiling fractions were taken off. 

Determination of silicon in the hexaalkyldisilanes was carried out by the method of wet combustion 
with a mixture of fuming nitric acid and oleum. As an example we present a description of the synthesis 
of hexa -n-butyldisilane. 

Synthesis of hexa-n-butyldisi lane. a) 65.3 g (0.2 mole) of tri-n-butyliodosilane was added drop-wise 
in the course of 45 minutes with vigorous stirring to 9.66 g (0.42 mole) of fused sodium and the mixture was 
then heated and stirred at 130-140° for 10 more hours. Fractional distillation of the reaction products 
separated by extraction yielded 25.6 g hexa-n-butyldisilane with b. p. 185.5-190° (1.5 mm), i.e., 64.2*70, 
When the above reaction was carried out for 5 hours the yield of hexa-n-butyldisilane was 15.8 g (39.6*7o). 

b) 47.0 g (0.2 mole) tri-n-butylchlorosilane was added drop-v/ise in the course of 30 minutes with 
vigorous stirring to 9.66 g (0.42 mole) fused sodium. After this, the mixture was heated and stirred at 
130-140° for 35 hours. The yield of hexa-n-butyldisilane. isolated the usual way, b. p. 187-193° (1.6 mm), 
was 18.6 g (46.6*70). 

Reaction of triethyliodosilane with magnesium, aluminum, copper, zinc, mercury. 12.1 g (0 .05 mole) 
of triethyliodosilane and 0.2 mole powder of one of above metals were heated in a sealed ampoule, filled 
with dry pure nitrogen at 140 -150’ for 40 hours. Distillation of the contents of the ampoule showed that in 
all cases triethyliodosilane remained completely unchanged. 

Reaction of triethyliodosilane with sulfur and phosphorus . A mixture of 24.2 g (0.1 mole) triethyliodo- 
silane was boiled in a nitrogen atmosphere for 24 hours with 0.2 mole sulfur powder or with ted phosphorus. 

In both cases distillation of the reaction mixture yielded unchanged triethyliodosilane. 

Reaction of triethyliodosilane with diethyl ether. A solution of 12.1 g (0.05 mole) triethyliodosilane in 
22.2 g (0.3 mole) absolute diethyl ether was boiled in a nitrogen atmosphere in a round -bottomed flask fitted 
with a reflux condenser. Distillation of the reaction mixture yielded 4,5 g (74.8*70) hexaethyldisiloxane with 
b. p. 225-235°, n*® 1.4339, The lower-boiling fraction with b. p. 34-72° which consisted of ether and ethyl 
iodide reacted with magnesium to form CiHjMgl which gave off ethane when water was added. 

Reaction of triethyliodosilane with triethylethoxysilane, 18.2 g (0.0 75 mole) triethyliodosilane and 
12.0 g (0.075 mole) triethylethoxysilane were heated to a slight boil in the course of 20 hours in a 50 ml 
distilling flask fitted with a 20 cm Vigreux column; 10.6 g (91<7o) ethyl iodide with b. p, 72-73° was driven 
off. Distillation of the residue yielded 15.9 g (91*70) hexaethyldisiloxane with b, p, 230-238°, np 1.4341. 
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SUMMARY 


A method was developed for the synthesis of hexaalkyldisilanes via the reaction of trialkyliodosilanes 
with molten sodium. With this method six hexaalkyldisilanes were synthesized in yields up to 80*70, three 
of which were previously unknown. It was shown that triethyliodosilane reacts with diethyl ether and with 
triethylethoxysilane, forming hexaethyldisiloxane in both cases. 
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SYNTHESIS OF p -DIVINYLBEN ZENE 


I. M. Ezrlelev, N. X. Latin, O. M. Neimatk and Z. D. Tolstlkova 


p-Divlnylbenzene was first synthesized by Ingle in 1894 [1] by the vacuum -distillation of 1’, 4'-dibtoino- 
1, 4 -diethylbenzene with quinoline, the former in turn obtained by the sodium amalgam reduction of 1, 4- 
diacetylbenzene, with subsequent treatment of the intermediate l*,'4'-dihydroxy-l, 4 -diethylbenzene with 
hydrogen bromide (at 0“.in acetic acid medium). Since then other methods for the synthesis of pure p-divlnyl- 
benzene have not been mentioned in the literature. Meanwhile, 1, 4-divinylbenzene began to attract the 
attention of investigators as a webbing agent in polymerization. Thus, Staudinger [2] and others [3] mention 
that the presence of traces of p-divinylbenzene in styrene (0.002-0.003 lo) produces the formation of a 
three-dimensional polymer in the polymerization of the latter. 

The dehydrogenation of p -diethylbenzene is extensively used as a method for the preparation of a technical 
p -divinylbenzene concentrate. However, such a simple method cannot be used for the preparation of pure 
p -dlvinylbenzene, since the starting p-diethylbenzene can always contain the o- and m-isomers as impurities, 
all of them boiling within 1-2* of each other and being practically inseparable. 

We synthesized p-divinylbenzene from terephthalic acid as the startii^ material; treatment of the acid 
with PCI5 in POClj medium gave the dichloride, which was condensed with acetoacetic ester in the presence 
of alcoholic sodium ethylate solution to give the terephthaloyldisodiodlacetoacetic ester (I). The sodio de- 
rivative of the ester with 5*70 sulfuric acid solution was converted into the free terephthaloyldiacetoacetlc ester 
(II), and the latter was saponified with 10 -IS^o alcoholic ammonia solution to the terephthaloyldiacetic ester 

(HI). 


CHsCOCNaCOOCjHs 

CO 

V 

CHaCOCNaCOOCaH., 


CH3COCHCOOC2H6 

(io 

9 

CH3COCHCOOC2HS 


COCI 


The terephthaloyldiacetic ester obtained in this manner was then saponified with 10<?1) sulfuric acid to 
p-diacetylbenzene; the p-diacetylbenzene was reduced with aluminum isopropoxide to 4'-dihydtoxy-l, 4- 
diethylbenzene, and the latter was dehydrated over aluminum oxide to 1, 4-divinylbenzene: 


COCH 3 

/\ 


'coci 


CH(0H)CH3 

. A 

(CjHMI I I (A1,0,) 

^H(0H)CH3 ■ 


CH=CHa 

/\ 





The scheme shown here for the synthesis of p-divinylbenzene. including'the step of obtaihlng the 
p-diacetylbenzene, represents the synthesis of the latter by the Berend and Herms method [4], However, 
we came to make some changes and improvements in the operation of the process. The synthesis was run 
by a different method for the step p-diacetylbenzene — >- p-divinylbenzene. Thus, instead of using 

sodium amalgam for the reduction of 1, 4-diacetylbenzene we used aluminum isopropoxide [5], and 
further, instead of the processes used by Ingle of hydrobromination and subsequent dehydtobtomination of 
the intermediate products, we used the method of the catalytic dehydration of 1', 4'-dihydtoxy-l, 4- 
diethylbenzene, in that way simplifying somewhat the complicated scheme for the synthesis of p-divinyl- 
benzene. 

EXPERIMENTAL 

Synthesis of terephthaloyldiacetoacetic ester. 52 g acetoacetic ester was placed in a 3 -necked flask 
and through side tubes was slowly introduced sodium ethylate (18.4 g Na in 320 ml anhydrous alcohol) and 
a solution of 46.6 g terephthalyl dichloride * in 800 ml absolute ether with continual mixing and cooling. 
The reaction mixture was then held for 18 hours at 0°. 

The yellow crystalline precipitate which formed upon standing was filtered off and dried. The dried 
product was then mixed with ice water to which sulfuric acid was slowly added with mixing until the 
reaction mass changed from yellow to milk-white. 

The free terephthaloyldiacetoacetic ester was isolated at first in the form of curds which after standing 
for 3-4 hours became crystalline in structure. After washing and drying, the product was recrystallized from 
alcohol, M. p. 101-102°. Yield 70%. 

Saponification of terephthaloyldiacetoacetic ester to terephthaloyldlacetic ester . In a round -bottomed 
flask was placed 40 g terephthaloyldiacetoacetic ester and 200 ml 10% alcoholic solution of ammonia. The 
reaction mixture was heated for 1 hour to 60°, then cooled and kept for 18 hours in a refrigerator. The pre- 
cipitate which came down upon standing was filtered off and treated three times with ether. The total 
ethereal extract was washed with water. After the ether was driven off, the product recrystallized from 
alcohol. M. p. 69-70°. Yield 65%. 

Hydrolysis of terephthaloyldlacetic ester in p-diacetylbenzene. 15 g terephthaloyldlacetic ester 
and 150 ml 10% sulfuric acid were placed in a round -bottomed flask fitted with mechanical stirrer. The 
mixture was heated with reflux condenser on a glycerin bath at 101-102° for 7-8 hours until the evolution 
of COj ceased. After hydrolysis, the still hot solution was rapidly filtered and then the filter was washed 
with 3% aqueous solution of NaOH (100-200 ml). Upon cooling, white acicular crystals came down from 
the filtrate which after drying, had m. p. 114-114.5°. The yellowish residue on the filter was dried and 
recrystallized from hot alcohol and crystals were obtained with m. p. 113-114°. 

The total yield of product reached 74%. 

Reduction of 1, 4-diacetylbenzene to 1', 4' -dihydroxy-1, 4 -diethylbenzene . In a round -bottomed 
flask was placed 75 g 1, 4 -diacetylbenzene and a solution of aluminum isopropoxide in isopropyl alcohol 
(9 g A1 in 300 ml isopropyl alcohol). 

The reaction mixture was heated until the acetone was driven off and then treated with ice and water, 
acidified with hydrochloric acid. The product was extracted with ether which was driven off in the cold 


• Prepared from terephthalic acid and PCI5 In a yield of 86-87%. 


under the slight vacuum of a water -jet pump. The crude product thus obtained was an orange oil with a 
distinct odor and, according to Fairley, contained 70% 2’, 4'-dihydtoxy-l, 4 -diethylbenzene. The crude 
product could not be purified since at 115-116° (4 mm) the substance almost completely tesinified. 

Preparation of p-divinylbenzene . 25 g of crude 1', 4’-dihydroxy-l, 4 -diethylbenzene was passed for 
30 minutes from a biuret into a quartz tube (800 mm long, internal diameter 11 mm), filled with 25 g of 
finely granulated aluminum oxide. 

The dehydration process was carried out at a tube furnace temperature of 280 -300°. 3 g of white 
crystalline product was obtained which (after prolonged drying over CaClj), according to Kaufman, con- 
tained 99.3% 1, 4-divinylbenzene. Yield about 22%. M. p. 30°. 

Found %: C 82.12, 92.06; H 7.87, 7.9. CioH,o. Calculated %: C 92.31; H 7.69. 

SUMMARY 

A method was described for the synthesis of p-divinylbenzene from terephthalic acid via its transition 
into p-diacetylbenzene, followed by the reduction of the latter with aluminum isopropoxide to 1’, 4'- 
dihydtoxy-1, 4 -diethylbenzene and the dehydration of this diol over aluminum oxide. 

literature cited 

[1] H. Ingle. Ber., 27, 2527 (1894). 

[2] H. Staudinger. Faraday Society Symposium on Polymerization, p. 323 (1935). 

[3] Collection, Monomers, Vol. 2, 182 (1953). 

[4] L. Berend and P. Herms, J. prak. Chem., 74, 123 (1906). 

[5] Organic Reaction, 2, 194 (1950). 


Received June 6, 1955 


Scientific-Research Institute of Polymer Plastics 


637 



F 


SELECTIVE DEHALOGENATION OF DIC HLOROACRIDINES WITH THE AID OF 
SKELETAL NICKEL 

V. S. Fedorov 


Catalytic reductive dehalogenation in the presence of skeletal nickel has been insufficiently studied. 
According to literature data, it does not seem possible to evaluate the ability of skeletal nickel for selective 
dehalogenation even in compounds containing two halogen atoms that differ sharply in their mobility. 
Nevertheless, the removal of the more labile halogen atom of the two present in a compound is of practical 
interest. 

The subjects that seemed of interest to us for selective dehalogenation via catalytic hydrogenation 
were a number of dichloroacridines. 

As is known [1, 2], a halogen in the 9 position of acridine is extremely labile. This permitted us to 
consider the possibility of selectively removing the halogen in the 9 position from, for example, the 3, 9- 
dichloroacridine molecule. 

It is asserted in the literature that the preparation of 3-chloroacridine by the reductive dehalogena- 
tion of 3, 9-dichloroacridine cannot be realized with the aid of skeletal nickel, since it appears as though 
both of the halogen atoms ate cleaved simultaneously. 

Recently, a new method was proposed for the dehalogenation of substituted 9-chloroactidines. With 
this method the substituted 9 -chloroacridine is reacted with p -toluene -sulfanilylhydrazine in chloroform; 
heating of the addition product with dilute alkaU gives the corresponding substituted acridine in good 
yield [3]. 

As the result of our reductive dehalogenation of 3, 9-dichloroacridine in the presence of skeletal 
nickel, taken in a 1 ; 1 ratio, and 1 equivalent of potassium hydroxide, with introduction of hydrogen from 
without, in alcohol medium, we were able to obtain 3-chloto-9, 10 -dihydtoactidine as the main reaction 
product. 

The secondary product isolated from the reaction mixture was 3, 3'-dichlorobiacridyl, 

To prove the position of the halogen atom in the chloroacridine obtained by us, we converted it into 
the chloroacridone by oxidation with sodium dichromate under heating in glacial acetic acid * . 


• The preparation of the 9-actidone in good yield by the direct oxidation of the acridine has 
successful [6]. 


been 


1 


Treatment of the chloroacridone with phosphorus oxychloride gave the starting 3, 9-dichloroacridine. 

The selective dehalogenation of 2-methoxy-6, 9-dichlotoacridine was realized by us under the same 
conditions, using 1 equivalent of potassium hydroxide, the same as in the dehalogenation of the 3, 9-dichloro- 
acridine. Here the main reaction product was 2-methoxy-6-chloto-9, 10 -dihydtoactidine, obtained in AV^o 
yield. 

The oxidation of 2-methoxy-6-chloro-9, 10 -dihydroacridine with ferric chloride in dilute hydrochloric 
acid gave us 2-methoxy-6-chloroactidine in 53, yield. In the presence of 2 equivalents of potassium hydroxide 
the main reaction product was 2-methoxy -9, 10 -dihydroactidine, isolated in 81‘7<! yield. Here the formation 
of the dimethoxydichlorobiacridyl was not revealed. 

The oxidation of 2-methoxy-9, 10 -dihydtoactidine with ferric chloride in dilute hydrochloric acid gave 
2 -methoxyacridine. 

EXPERIMENTAL 

3 -Chloto-9, 10 -dihydtoacridine. 1.86 g 3, 9-dichlotoactidine (m. p. 166-167") [8] was dissolved with 
heating in 600 ml methanol. Upon cooling, 0.42 g KOH and 1.85 g nickel slurry were added to the solution. 

The mixture was hydrogenated in a hydrogenation bottle while being mixed in a shaker; hydrogenation lasted 
45 minutes. 

The reaction mixture was filtered and the catalyst was washed with methanol. Upon standing, pale 
cream-colored needles (from filtrate) came down and were filtered off, washed with water, dried and weighed 
0.07 g. The substance was dissolved in 4 ml pyridine with boiling, the solution was treated with charcoal, 
filtered; the filtrate was diluted with a two-fold volume of water; the precipitate which came down was filtered 
off, washed with water and dried. Yield 0.06 g of substance, m. p. 355-357"; its mixed sample with known 
3, 3'-dlchloro-9, 9’-biacridyl [4] melted without depression. Methanol was driven off from the alcoholic 
filtrate until 25 ml volume remained, the precipitate which came down was filtered off, washed with methanol 
and then with water. Reprecipitation of this precipitate from pyridine yielded a further 0.08 g of 3, 3'-dichloro- 
9,9'-biacridyl. 

After separation of the dichlotobiacridyl, the filtrate was diluted with water, the precipitate which came 
down (yellowish lustrous leaflets) was filtered off, washed with water, dried and then again dissolved in methanol; 
the solution was treated with charcoal, filtered, the filtrate was diluted with a two-fold volume of water. The 
precipitate which came down was filtered off, washed with water, dried ; weight 1.37 g, m. p. 110-113". The 
obtained substance was treated with hydrochloric acid, the undissolved residue was washed with water and 
then recrystallized from aqueous 50*70 methanol. The obtained yellowish lustrous leaflets had m. p. 117-118°; 
weight 1.06 g (66.4%). 

Found 7o: C 72.54; H 4.47. CijHioNCl. Calculated %: C 72.39; H 4.62. 

The substance was soluble in the cold in benzene, acetone, methanol, ether ,and insoluble in water and in 
2 N hydrochloric acid. 

3 -Chloroacrtdine. A solution of sulfuric acid, consisting of 300 ml water and 3.88 g chemically pure 
sulfuric acid was heated to the boil and to this was added 3 g of 3-chloro-9, 10 -dihydroactidine and then in two 
portions, within 5 minutes, a solution of 1.8 g potassium chromate in 25 ml water. The reaction solution was 
boiled for 10 minutes. A solution of 4.8 g potassium chromate in 30 ml water, heated to the boil, was then 
added to the reaction solution. The mixture was boiled for 5 minutes and then set aside until the following day. 

The orange-yellow precipitate which came down from solution was separated by filtration, placed in 75 ml 
hot water and treated upon heating with concentrated ammonia (16 ml). The precipitate of the substance was 
filtered off, washed with water and treated with 5% hydrochloric acid (40 ml). The resulting solution was 
filtered free of traces of chloroacridine; after cooling, the filtrate was precipitated with dilute ammonia. The 
substance which came down was washed with water and dried; weight 2.57 g. After recrystallization from 50% 
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aqueous methanol, the substance was obtained in the form of long , slender colorless needles, m, p. 

132-133": weight 2.49 g (70%). 

Found %: C 72,86; H 4.02; Cl 16.78. CuHjNCl. Calculated %: C 73.07; H 3.77; Cl 16.59. 

3 -Chloroacridine was readily soluble in methanol, ether, benzene, acetone and insoluble in water. 

3 -Chloroacridine hydrochloride crystallized from dilute hydrochloric acid in the form of slender 
yellow needles, m. p. 248-249" with decomposition. The hydrochloride was readily soluble in water, 
methanol.and insoluble in ether, acetone and in benzene. From methanolic solution it was precipitated 
with ether in the form of yellow needles. 

3 -Chloroacridone. 0.8 g of 3 -chloroacridine was dissolved in 5 ml glacial acetic acid and to this was 
added a solution of 0.67 g sodium bichromate in 5 ml glacial acetic acid. The solution was heated at the 
boil for 4.5 hours. After cooling, the precipitate which came down was filtered off and washed with water; 
yield C.l g of substance with m. p, above 360°. The filtrate was run into cold water, the precipitate was 
filtered off, washed with water and dried at 110". The total yield was 0.4 g of substance with m. p. above 360", 
corresponding in properties to 3 -chloroacridone [71. When the substance was reacted with phosphorus oxychloride 
the usual treatment [8] yielded yellow needles, m. p. 166-187", identical to known 3, 9-dichlotoacridine. 

2-Methoxy-6-chloro-9, 10 -dihydroacridine. A hot solution of 1.3 g 2-methoxy-6, 9-dichloroactidine 
(m. p. 162 163° [9]) in 350 ml methanol was placed in a reaction bottle for hydrogenation. When the 
solution, was cooled to room temperature, a yellow flocculent precipitate of methoxydichloroacridine 
partially came down. 0.26 g KOH (1 equiv.), dissolved in 50 ml methanol and 1.3 g nickel slurry were then 
added to the teaciior;. bottle. The mixture was hydrogenated as usual with mixing on a shaker. After ab- 
sorption of 270 ml hydrogen, reduction was stopped. The catalyst precipitate was filtered off, washed with 
hot methanol and then treated with pyridine at the boil; substituted biacridyl was not detected at this point. 

After driving off the methanol from the filtrate in vacuum at room temperature, the 25 ml of liquid 
residue and the precipitate which came down were placed on a filter; the precipitate was washed with water, 
methanol and dried; weight 0.45 g. After 2-fold recrystallization from benzene, 2-methoxy-6-chloro-9, 10 - 
dihydroaciidlne was obtained in the form of yellow needles, m. p. 185-186“ [10], 

Four.d %: N 5.51; Cl 14.30, Ci4H,20NCl. Calculated %; N 5.70; Cl 14.43. 

2 -Methoxy- 6 -chloroacridine. A solution of 1.5 g ferric chloride in 18 ml 57o hydrochloric acid was 
added to a suspension of 0.7 g 2-methoxy -B-chloro-g, 10 -dihydroactidine in 22 ml 5% hydrochloric acid. 

The mixture was slowly heated with mixing to the boil, after which the solution was filtered while hot. 

Upon cooling, the hydrochloride salt of the substance came down. This salt was filtered off, washed with 
3% hydrochloric acid, dissolved in 15 mS water and upon mild heating, the solution was treated with dilute 
ammonia. The colorless precipitate which came down was filtered off, washed with water and dried, weight 
0.37 g. The substance was recrystallized from methanol with charcoal. 2 -Methoxy -6 -chloroacridine was 
obta ined in the form of lemon-yellow needles, m. p. 174-175°. 

Found %; Cl 14.41; N 5.60. C.^HsoONCl. Calculated %: Cl 14.54; N 5.74. 

2 -Methoxy-6-chloroactldine was soluble in methanol, acetone, ether, benzene ,and insoluble in water. 

In concentrated sulfuric acid it gave a yellow solution with green fluorescence. 2-Methoxy-6-chloroacridine 
hydrochloride was obtained in the form of yellow needles, m. p. 251-252°; it is soluble in water and in 
methanol, insoluble in ether, benzene and in acetone. 

2 -Methoxy-9, 10 -dihydtoacridine . 1.39 g of 2-methoxy-6. 9-dichloroactidine was dissolved in 350 ml 
methanol with beating. The solution was cooled to room temperature and then a solution of 0.56 g KOH in 
20 ml methanol and 1.4 g nickel slurry, suspended in 30 ml methanol was added. The mixture was hydro- 
genated as usual until absorption of hydrogen stopped. 
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The reaction mixture was filtered, the separated catalyst was washed with hot methanol, alter which 
it was treated with pyridine at the boil. Upon dilution of the pyridine with water, a precipitate of the 
substituted biacrldyl was not detected. 

Methanol was driven off from the alcoholic filtrate and the residue was diluted with water. The 
white substance which came down was filtered off, washed with water and dried; weight 0.85 g, m. p. 

120 -121“. The substance was recrystallized from methanol, (1 ; 15); white flakes were obtained which 
melted at 139.5-140.5'; for 2-methoxy-9. 10-dihydroactidine, m. p. 139.5-140.5° is given [11], 

2 -Methoxyacrldine . 0.85 g of methoxyacridine, obtained as described above, was suspended in 30 ml 
S'?!) hydrochloric acid, to which was then added a solution of 1.4 g ferric chloride in 18 ml S'!/!) hydrochloric 
acid. The mixture was slowly heated to the boil. After complete solution of the precipitate, the solution 
was filtered while hot. Upon cooling, the hydrochloride salt of the substance came down from the filtrate. 
The salt was filtered off and washed with 3% hydrochloric acid in which it was practically insoluble. The 
hydrochloride was dissolved in a small volume of water with mild heating and to this solution was added 
dilute ammonia; the base separated out in the form of oil which solidified upon cooling. The base was 
separated, dissolved in methanol, the solution was heated with charcoal at the boil and filtered. Upon 
cooling, yellow needles came down from the filtrate. The crystals which came down were separated, 
washed with water and dried; weight 0.37 g, m. p. 102-103°. After recrystallization from methanol, the 
substance was obtained in the form of yellow needles, m. p. 103-104°. 

Found <7o: N 6.86. C^HnON. Calculated'?); N 6.69. 

The properties of the obtained substance corresponded to those described for 2 -methoxyacridine [11]. 


SUMMARY 

1. Observations on the dehalogenation of some dichloroacridines revealed, when two halogen atoms 
showing unequal mobility are present in the molecule, that the mote labile halogen atom in the 9 position 
can be removed via catalytic reductive dehalogenation in presence of skeletal nickel; here the necessary 
condition for selective halogen removal is the use of only one equivalent of alkali. 

2, It was shown that 3 -chloroacridine can be obtained by the reductive dehalogenation of 3, 9- 
dichlotoacridine in the presence of skeletal nickel. 
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DIRECT SYNTHESIS OF ARYL 8 -C H LORO VIN Y L KETONES 


N. K. Kochetkov, A. Ya. Khotlin and M. Ya. Karpeisky 


6 -Chlorovinyl ketones show high reactivity due to the presence of a carbonyl group, an active double 
bond and a labile chlorine atom in their molecule.' In previous Investigations we developed, based on 6- 
chlorovinyl ketones, a number of new methods for the synthesis of aliphatic, alicycllc and heterocyclic com- 
pounds [1]. However, at the present time only the simplest aliphatic 6 -chlorovinyl ketones of type 
Aik -CO -CH = CHCl, can be considered as being extensively available representatives of this class of 
compounds, the synthesis of which was developed in detail [2] and consists of condensing fatty acid chlorides 
with acetylene in the presence of aluminum chloride: 


AlkCOCl -t-CHsCH — AlkCOCH=CHCl, 


In contrast to the aliphatic 8, -chlorovinyl ketones, their aromatic analogs ArCOCH = CHCl ate con- 
siderably less available. The synthesis of the latter was recently developed [3] by the scheme; 

ArCOCHs-HHCOsCaHs ArCOCH=CHONa — ij. ArCOCH=CHCl. 


The use of this reaction is limited by the poor availability of substituted acetophenones and the laborious 
nature of the method. 

In this paper we communicate on the direct synthesis of aryl 8 -chlorovinyl ketones, analogous to the 
synthesis of their aliphatic analogs, by the scheme: 

ArCOCl-<-CH=CH ArCOCH=CHCl. 


It is stated in the patent literature [4] that the condensation of benzoyl chloride with vinyl chloride 
yields phenyl 8 -chlorovinyl ketone; however, these data ate not confirmed by later studies' [5]. A more de- 
tailed study of this reaction revealed that phenyl 8, 6 -dichlotoethyl ketone is formed here, which is converted 
into the corresponding 6 -chlorovinyl ketone only after additional treatment [6]. 

The direct synthesis of aryl 6 -chlorovinyl ketones from the chlorides of aromatic acids and acetylene is 
of considerable interest, since it makes this type of compound also widely available. The condensation of 
benzoyl chloride with acetylene in the presence of aluminum chloride under the conditions used for the 
preparation of aliphatic 8 -chlorovinyl ketones [2], in carbon tetrachloride medium at 0 -10°, failed to give 
the desired result - the acid chloride proved unreactive under these conditions and was recovered unchanged. 
This result can be explained by the lower activity shown by the chlorine atom of aromatic acid chlorides 
J when compared with their aliphatic analogs. Taking into consideration the relatively great stability of aryl 
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acetylene. The best results were obtained when acetylene was passed into a solution of the benzoyl chloride 
coinplex with aluminum chloride. The complex was prepared in advance at a temperature not exceeding 
10° in dichloroethane solution. The use of this solvent gave better results than did the use of carbon tetra- 
chloride. The saturation with acetylene was tun at 40-50° for a period of 6-7 hours. Despite the fact that 
here a small portion of the acid chloride fails to react, still such a method of operation is more satisfactory 
than when more complete utilization of the acid chloride is made (passage of acetylene for mote than 10 
hours), since in the latter case the strong tarring of the reaction mixture makes it difficult to isolate the 
reaction product. The yields of phenyl 6 -chlorovinyl ketone reached 65-707i), based on reacted acid chloride. 

This method was extended to the preparation of aryl 0 -chlorovinyl ketones with substituents in the aro - 
matic nucleus. By reacting the corresponding acid chlorides we obtained p -tolyl 0 -chlorovinyl ketone, p- 
chlorophenyl 0 -chlorovinyl ketone, o-broraophenyl 0 -chlorovinyl ketone and p-nitrophenyl 0 -chlorovinyl 
ketone. It is also mote convenient in these cases to run the reaction under acetylene passage for 6-8 hours 
(at 40 -50°). 

The unreacted acid chloride is easily removed by simple distillation. The yields of substituted aryl 
0 -chlorovinyl ketones, based on reacted acid chloride, constitute 55-10%, and based on acid chloride taken - 
50 - 60%. The isolation of the aryl 0 -chlorovinyl ketones is usually achieved by vacuum -distillation. Only 
the p-nitrophenyl 0 -chlorovinyl ketone is an exception; its distillation is associated with the danger of ex- 
plosion, which occurred in our work. We used a different method for its isolation. The aryl 0 -chlorovinyl 
ketones obtained by us are relatively stable compounds, which can be kept for some time without change, 
p -Chlorophenyl 0 -chlorovinyl ketone, o-btomophenyl 0 -chlorovinyl ketone and“p-nitrophenyl 0 -chloro- 
vinyl ketone, obtained by us for the first time, ate crystalline substances. The last of the mentioned com- 
pounds cannot be obtained by the earlier described method [3], since the presence of the nitro group ex - 
eludes the possibility of formylation. This emphasizes again the fact that our developed method possesses 
mote general value than does the earlier method. 

Consequently, the condensation of acid chlorides with acetylene in the presence of aluminum chloride 
can be realized in both the aliphatic and aromatic series. 

EXPERIMENTAL 

Phenyl -0 -chlorovinyl ketone . A solution of 100 g benzoyl chloride in 250 ml dichloroethane was 
placed in a 500 ml 3 -necked flask fitted with stirrer, reflux condenser, acetylene lead tube extending to the 
bottom of the flask and thermometer. The solution was cooled to 0° and 95 g of anhydrous aluminum chloride 
was added with mixing and cooling at such a rate that the temperature of the mixture did not rise above 10°. 
When all the aluminum chloride had been added, through the reaction mixture with vigorous stirring was 
passed acetylene for 6-7 hours, the temperature of the reaction mixture being kept at about 40-50°. The 
reaction mixture was then decomposed upon being poured on ice; the dichloroethane layer was separated, 
the aqueous layer was twice extracted with chloroform, the extracts were combined with the main portion 
of substance and dried over calcium chloride and potash. The solvent was driven off and the residue was 
vacuum-distilled. At 52-54° (2 mm) 15-18 g of initial benzoyl chloride distilled over and then after a small 
intermediate fraction phenyl-6 -chlorovinyl ketone was collected, b. p. 92-96° (2 mm); yield 70 -75 g (65 - 70%, 
calculated on reacted benzoyl chloride). After a second distillation, phenyl -0 -chlorovinyl ketone had 
b. p. 80-82° (0.5 mm), 85-87° (1 mm). 

np® 1.58 60, df 1.2062. Literature data: b. p. 118-120° (10 mm) [3], n^ 1.5742; b. p. 125-127° 

(18 mm) [5], 

Found %: Cl 21.07. 21.33. CgH^OCl. Calculated %: Cl 21.33. 


p -Tolyl- 0 -chlorovinyl ketone was obtained in the same manner as phenyl -0 -chlorovinyl ketone from 
28 g p-toluoyl chloride and 25 g aluminum chloride in 60 ml dichloroethane at 45-50°; acetylene was passed 


for 6.5-7 hours. Distillation yielded 2.2-3.2 g of initial acid chloride (b, p, 90-100° at 5 mm) and 23.0 g 
p -tolyl -6 -chlorovinyl ketone, b. p. 123-127° (5 ram); yield 70-75%, based on the reacted acid chloride. 
After a second distillation, p-tolyl- 6 -chlorovinyl ketone had b . p. 114-116° (2 mm). 

np® 1,5835, df 1.1693. Literature data: [3]; b.p. 118-120° (5 mm) np 1.5826, 

df 1680. 

p- Chlorophenyl- 0 -chlorovinyl ketone was prepared from 30 g p -chlotobenzoyl chloride and 22.6 g 
aluminum chloride in 60 ml dichloroethane at 30-40°; acetylene was passed for 6.5-7 hours. Distillation 
yielded 6.0-7. 3 g p -chlotobenzoyl chloride (b. p. 70-80° at 3 mm) and 19.0-20.4 g p-chlorophenyl-6 - 
chlorovinyl ketone (b. p. 114-116° at 2 mm), which completely crystallized in the receiver. After re- 
crystallizatlon from petroleum ether (40-70°), p-cblotophenyl-6 -chlorovinyl ketone was in the form of 
colorless needles with ra. p. 35.5-36.5°. It was readily soluble in ordinary organic solvents and less soluble 
in petroleum ether, insoluble in water. 

Found 7o: Cl 35.59, 35.52. CgHgOClj. Calculated %: Cl 35.27. 

0 Bromophenyl-6 -chlorovinyl ketone was prepared from 44 g o-btomobenzoyl chloride and 27 g 
aluminum chloride in 150 ml dichloroethane at 30-40°; acetylene was passed for 6.5-7 hours. Distillation 
yielded 28 -30.5 g o~bromophenyl -•6 -chlorovinyl ketone (b. p. 118-122° at 1,5-2 mm), which completely 
crystallized in the receiver. Yield 56.5-62%, based on the acid chloride taken. After recrystallization 
from petroleum ether, o-btomophenyl -6 -chlorovinyl ketone was in the form of colorless needles with 
m. p. 45.5-46.5°. It was readily soluble in ordinary organic solvents, less soluble in petroleum ether, in- 
soluble in water. 

Found %; C 44.37, 44.21; H 2.51,2.63. CgHgOClBr. Calculated %; C 44.02; H 2.46. 

p Nitropheiiyl-0 -chlorovinyl ketorie was prepared from 30 g p -nitrobenzoyl chloride and 26 g 
aluminum chloride in 70 ml dichloroethane (the complex was prepared at room temperature), acetylene 
was passed for 8.5-9 hours. After decomposition of the reaction mass, the combined extracts were boiled 
with an equal volume of aqueous saturated solution of sodium bicarbonate for 4-5 hours ou a water bath 
to remove the unreacted acid chloride. The aqueous layer was separated and acidified until a definite 
acid reaction was obtained on Congo. The p -nitrobenzoic acid which came down was filtered off. The 
dichloroethane solution was dried over potash, the solvent was driven off on a water bath and toward the 
end - in vacuum. The residue was repeatedly extracted with a boiling mixture of petroleum ether and 
ethyl acetate. The resulting solution was steamed down to dryness and the residue consisted of yellow 
crystals of p nitrophenyl -0 -chlorovinyl ketone with ra. p. 82-83°; yield 17.0-17.5 g (57.5-60.2%, based 
on the reacted p -nitrobenzoyl chloride). After recrystallization from petroleum ether, p-nitrophenyl- 6- 
chlorovinyl ketone was in the form of yellow crystals with m. p. 88.5-89°. It was soluble in ordinary organic 
solvents, moderately soluble in ethyl acetate, less soluble in petroleum ether, insoluble in water. 

Found %: C 51.36, 51.38; H 2,95, 2,98; N 6.69,6.70. CgHsQsNCl. Calculated %: C 51.08; 

H 2.86; N 6.62. 

SUMMARY 

A general method was developed for the synthesis of aryl 0 -chlorovinyl ketones via the reaction of 
aromatic acid chlorides with acetylene in the presence of aluminum chloride at 40 -50° in dichloroethane 
solution (in 55- 70% yield). 
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OXIDATION OF C YC LOOC T A TE T RA ENE TO TEREPHTHALIC ACID 


V. D. Azatyan and G, T. Ei 




Reppe and coworkers described [1] the oxidation of cyclooctatetraene by means of different oxidizing 
agents and under various conditions. In particular, when chromic acid in glacial acetic acid was used for 
the oxidation they isolated two fractions: ’’acid", assumed to be entirely terephthalic acid, and identified 
through the dimethyl ester, and "neutral", in which benzaldehyde was found. 

Since the preparation of terephthalic acid in general, and from cyclooctatetraene in particular, is of 
definite interest, we repeated these experiments. In accord with the data obtained by us (see table), the 
scheme proposed by Reppe for the oxidation of cyclooctatetraene with chromic anhydride should be 
supplemented by the formation of considerable amounts of benzoic acid remaining in the "acid” fraction 
together with terephthalic acid. 


EXPERIMENTAL 

To a solution of 5 g cyclooctatetraene in 100 ml glacial acetic acid in a 1 liter round -bottomed 
flask fitted with mechanical stirrer, thermometer and dropping funnel, was added a solution of chromic 
anhydride ( ~ 33<7o) in aqueous acetic acid (757o). Upon addition of the oxidizing agent, the temperature 
of the reaction mixture at first rose to 50 -70° (depending on the rate of addition of the oxidizing agent ) 
and then it fell somewhat, changing but Uttle until all the oxidizing agent had been added. In most of 
the experimerits, after addition of all of the oxidizing agent, stirring was continued for 30 minutes more 
at room temperature and in a number of experiments the temperature was held at 50- 60° by heating on a 
water bath for 2.5 hours (see table. Experiments 9-12). After cooling, the reaction mixture was diluted 
with 500 ml water and extracted 4 times (150 ml portions) with ether. The combined ethereal extract 
was washed 2 times (400 ml portions) with water and was then treated with 100 ml of 5‘yo caustic soda 
solution. TThe alkaline layer, separated from the ether, was heated to the boil and the "acid fraction" was 
precipitated by addition of a dilute solution of sulfuric acid. The ethereal extract was driven off on a water 
bath. The residue was crude benzaldehyde. 

The content of benzoic acid in the "acid" fraction was determined by sublimation of a 0.05-0.1 g 
weighed sample at 180 -200° for 1 hour (by difference). The sublimate and benzoic acid were proven 
identical by determination of the melting point of the sublimate and a mixed sample. The content of 
terephthalic acid was determined (by difference) through sublimation of the residue at 300 -320 "for 1.5 
hours. That this sublimate and terephthalic acid were identical was confirmed by preparation of the di- 
methyl ester and determination of the melting point of the product's ester and that of a mixed sample with 
the dimethyl ester of a known specimen. The experimental conditions and results are given in the table. 

Since the determination of the content of benzoic and terephthalic acid by the described method 
might not have been completely accurate due to partial decomposition of the oxidation products during 
sublimation and some volatilization of terephthalic acid with benzoic acid [2], the acid number [3] of the 
" "acid fraction" samples was determined. 0.07 -0.1 g of weighed acid fraction sample was dissolved in 






Oxidation .of Cyclooctatetraene with Chromic Anhydride. Initial Quantity of Cyclooctatetraene 5 g; 
Glacial Acetic Acid lOU ml. 


No. 

? 

d 

Duration of addition of 
CrOj (in min.) 

Duration of reaction 
(in min.) 

Temperature range of 
reaction 

Quantity of "acid" 
fraction (in g) 

Quantity of crude 
benzaldehyde (in g) 

Composition of 
"acid" fraction 
(in % 

Yield of oxidation 
products (in “ill, cal- 
culated on taken 
cyclooctatetraene) 

i 1 

Terephthalic 

acid 

i i 

(S ^ 

Benzoic 

Terephthalic 

acid 

Senzaldehyde 

1 

20 

45 

45 

45-50 

1.3 

1.9 

74 2 

18.9 

69 

16.3 

.3.1 

38 

2 

20 

40 

70 

45 

1.4 

1.5 

64.8 

29.4 

5,8 

15.4 

5.2 

30 

3 

20 

90 

90 

40-45 

1.0 

2.1 

47.5 

38.5 

14.0 

7.9 

4.8 

42 

4 

20 

120 

150 

40 

0.8 

1.7 

41.4 

52.0 

6,6 

5.6 

5.3 

34 

5 

20 

10 

40 

95-100 

0.9 

2.2 

73.7 

22.8 

3.5 

9.8 

3.3 

44 

6 

30 


90 

50 

2.0 

0.95 

67.1 

23.1 

9.8 

22.7 

5.8 

19 

7 

30 

45 

75 

50-55 

1.95 

1.1 

60.0 

27.5 

12.5 

20.2 

6.7 

22 

8 

40 

80 

110 

50-55 

1.95 

1,05 

61.9 

10.2 

27.9 

20.3 

.3.3 

21 

9 

30 

60 

210 

50-60 

2.0 

0,3 

61.5 

14,3 

24.2 

20 9 

3,8 

6 

10 

30 

60 

210 

50-60 

2.3 

0,2 

63.7 

13,8 

22.5 

24.7 

4.0 

4 

11 

40 

60 

210 

50-60 

3.3 

0,15 

58.7 

14,7 

26.6 

32.9 

6.1 

3 

12 

40 

60 

210 

50-60 

3.1 

0.25 

60.0 

13.8 

26.2 

31.3 

5.4 

5 


Found for 1 g "acid" fraction 0.3500, 0.3520 g NaOH. Calculated on the basis of the sublimation data 

0.3398, 0.3448 g NaOH {in Experiments 1 and 4). 


20 ml 0.1 N caustic soda and was indirectly titrated with 0.1 N hydrochloric acid in the presence of phenolphthalein. 
In this manner, the quantity of caustic soda consumed by 1 g of "acid* fraction was determined. These data 
were compared with the calculated quantity of alkali necessary for neutralization of 1 g of "acid* fraction (on 
the basis of the sublimation data). The data given show that the divergence between the acid numbers found 
for the "acid* fraction and those calculated on the basis of sublimation is not large and, consequently, the 
method of determining benzoic and terephthalic acids In the "acid" fraction by means of sublimation may be 
considered satisfactory. 

SUMMARY 


1. A study was made of the oxidation of cyclooctatetraene with chromic anhydride in glacial acetic acid 
medium. It was established that here, together with terephthalic acid and benzaldehyde, a large amount of 
benzoic acid is also formed. 

2 . The yield of terephthalic acid under various oxidation conditions was established. The attained 
maximum yield of the acid was 6.7'7o. 
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THE CONDENSATION OF CYCLOHEXANONE WITH AMMONIA 
G. A. Razuvaev, E. N. Zilberman and S. V. Svetozatsky 


Quite recently Bradbury and coworkers [l],and, independently. Matter [2], elucidated the structure 
of the condensation product of 3 moles of acetone with 2 moles of NI^ ("acetonin"), already obtained earlier 
by some other authors [3, 4]. They showed that the reaction of acetone with NHj in the presence of CaClj 
and NH^Cl yields 2, 2, 4, 4, 6-pentamethyl-2, 3, 4, 5-tetrahydropyrimidine. In studying the structure of the 
condensation product of acetone with NHj it was shown that if Instead of acetone a mixture of mesityl oxide 
and acetone is taken, then 2. 2, 4, 4, 6-pentamethyl-2, 3, 4, 5-tetrahydropytimidine is obtained in satisfactory 
yield and without the use of catalysts [1]. It was postulated that here diacetonamine is formed first, which 
then under reaction with acetone and NH3 is easily transformed into the substituted tetrahydtopyrimidine. 

The reaction of the higher aliphatic and cycUc ketones with NE^ has shown considerably less study. It 
is asserted [5] that the ketones of general formula RCCXlHj (where R is an aliphatic radical with 1-8 carbon 
atoms), similar to acetone, can react with NHj with the formation of substituted tetrahydropyrimidines. The 
passage of a mixture of cyclohexanone and NHj over thorium oxide at 300 -330° gave a mixture of high -boiling 
condensation products, the composition of which was not established, and a small amount of cyclohexylketimine 
[ 6 ]. 

We studied the reaction of cyclohexanone with NH3 under the earlier described conditions [1, 2], In the 
presence of CaCl2 as water -removing agent and NFiiCl as catalyst, at room temperature, and under pressure 
and without pressure. A compound having the empirical formula CigH30N2 was obtained. It could be formed 
from 3 moles of cyclohexanone and 2 moles of NHj by the reaction: 


3C6HioO-t-2NH3 > CjsHsoNs-t-SHaO. 


( 1 ) 


The condensation product was 2, 4 -dipentamethylene-5, 6-tettamethylene-2, 3, 4, 5 -tetrahydtopyrimidine 
(I). Its structure was proved via acid hydrolysis, as a result of which equimolar amounts of cyclohexanone, NH, 
and 2-(l-aminocyclohexyl)- cyclohexanone (II) were obtained. The treatment of the latter with alkali gave 
2- A’-cyclohexenylcyclohexanone (III): 
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UL. 


o=<_ 


The reaction of the usual condensation product of cyclonexanone, tetrahvdroovrimidine 

with cyclohexanone and NH, gave 2. 4 -dipentamethylene-5. 6-tetramethyiene-2. 3. y PV 

(I) in about 8?o yield. To elucidate if the reaction went only due to cyclohexanone . 

2- A’-cyclohexenylcyclohexanone (III) participated in it, we studied the reaction between cyclo 
NH, in the absence of the above -mtentioned chlorides, and also the reaction between 2-A -cyclohexenylcyclo- 
L'Vnone and NH,. In the first case we obtained the tetrahydtopyriniidine (1) in about 261. yield, in the sec o d 
case - from 2 -A*-cyclohexenylcyclohexanone (III) and NH, - we failed to obtain the amine (II). From this we 
concluded that in the reaction of NH, with a mixture of cyclohexanone and 2-A'-cyclohexenylcyclohexanone 
(III) the tetrahydropyiimidine (l)is formed only byReaction (1). 

experimental 

Synthesis of 2 4-diDentamethyIene-5. 6-tetranTethyl e ne-2. 3. 4. 5 -tetrahydropyrimidine ( I )^ a) 5 
moles (490 g) cyclohexanone, 40 g pulverized anhydtMs CaCl, and 10 g Nf^l w®'® P ^®® 

Loclave in whL. upon cooling, was then placed 110 g (6.5 moley N^. "e r^l 

equiv. 137.5; calc. 137. 


Found 1o: C 78.56. 7 
[8.85; H 10.95; N 10.! 


.69; H 10. 
3. M 274. 


, 11.28: N 9.97, 9.69. M 280. Ci,H,oN,. Calculated “fv; 


b, wo . olmr. c.»l.U.g ot 203 g b,cloho»none, 60 g C.Cl. M 6 g »•" « 'W 

rate of 18 liters per hour with vigorous stirring for 7 hours. After washing and drying, the yield was 130 g (70%) 
of (I) with the cited constants, 

(I) in a dry state is very stable in air and, upon prolonged standing, turns slightly yellowish; it is 
soluble in ordinary organic solvents, insoluble in water, is hydrolyzed by dilute rnine^l J 

is not hydrolyzed by alkalis, forms a light -brown, very viscous, slowly crystallizing liquid when melted which 
decomposes to form liquid products upon being heated in vacuum. 

of 2- 4-dlDentamethylene-5. fi-re.tr amethvlene-2. 3. 4. 5 -tetrahydropyrimidine 50 g 

of (1) wL (fiJolved mirn^ 10.9% H,SO, solution. After 24 hours, the hydrolyzed solution ^ extracted 
5 times witti 25. ml portfo® of benzene. Using the hydroxylaraine method. 13.9 g (78%) cyclotexanone was 
found in the benzene extract fihe oxime had m. p. 88', literature data [7] give 89-90 ). A mtxed sample 
gave no depi-essiion'. 
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' After extraction, 300 ml acetone was added to 25 ml of hydrolyzed solution. 1.6 g ^00%) ammonium 

sulfate was precipitated out. Upon final addition of 700 rnl acetone, 3.9 g (66%) 2-(l-aminocyclohexyl)- 
cyclohexanone sulfate came down in the form of a white powder with m. p. 108', readily soluble in water 
and alcohols and insoluble in ether, benzene, acetone and in chloroform. 

Found %: N 5.70 , 5.75; SC^ ‘ 19,30, 19.35; NH, 7.35 (Van Slyke). C^iHdaOjN, . HjSO^. 
Calculated %: N 5.74; SCj ’ 19.65; NH, 6.55, 

When the sulfate of 2 -(l-aminocyclohexyl) -cyclohexanone was treated with an excess of concentrated 
caustic soda solution, a mixture was obtained which consisted of a lower aqueous and upper organic layer. 
The latter was distilled twice in vacuum. We obtained 2- A*-cyclohexenylcyclohexanone (III) with b. p. 
124'- (5 mm), d|'' 1.002. n^® 1.5054, which is in agreement with the literature data [8]. 

87 g sulfate of 2 -(l-aminocyclohexyl) -cyclohexanone was treated with 450 ml of 15% ammonia 
solution. The amine (II) which separated out was extracted with 150 ml ether, the main bulk of which was 
driven off oil a water bath at 50°. After removal of the remaining ethdr in vacuum, we obtained 60 g 
(86.5%) of 2 -(1-amiuocyclohexyl) -cyclohexanone (II) in the form of viscous yellowish liquid, difficultly 
soluble ir. water and readily soluble in ordinary organic solvents, distilling with decomposition in vacuum. 

df 1.0280, ng* 1.5058; MR^ 56.35; calc. 56.65. 

Found %: C 73.60, 74.22; H 11.00, 10.94; N 7.13. 6.81. Equiv. 195.4. CjaHjjON. 

Calculated %; C 73.85; H 10.76; N 7.18. Equiv. 195. 

• Reaction, of 2 - A'-cyclohexenylcyclohexanone (Cl) with MH^ . Into 112 g of (III), prepared by con- 
densati^r^Ty^exanone in the presence of H2SO4 [9], NHj was passed at the rate of 18 liters per hour 
with vigorous stirring for 16 hours. 62 g of cyclohexanone was then added and passage of NHj was con- 
tinued for 16 hours more. A small amount of alkali was added to a weighed sample of the liquid mixture 

* obtained and all the NH3 which evolved was removed by boiling, after which it was acidified with sulfuric 
acid, boiled with under reflux for 30 minutes and again alkalized. The NH3 which then evolved was then 
trapped by a titrated solution of hydrochloric acid. 0.8% nitrogen was found. Upon treatment with alkali, 
both the dissolved NK3 and also the NH, that formed during hydrolysis of the ketimino group and decomposi- 
tion of amine (II) were subject to removal; therefore, the nitrogen that came off upon acid hydrolysis was 
the nitrogen of the tetrahydropyrimidine ring (I). The found nitrogen content corresponded to a yield of 
tetrahydropyrimidine (I) of about 8% of theoretical by the sum of both ketones. 

NH, was passed at the rate ot 18 liters per hour into 100 g of cyclohexanone with vigorous stirring for 
16 hours. 2.7 g of the resulting liquid was placed in a vacuum desiccator. After 24 hours and removal of 
the ur.reacted cyclohexanone, coarse crystals came down. After washing with water, we obtained 0.68 g 
(24%) ot 2, 4'-dipentamethyleae-5, 6-tetramethylene-2. 3, 4, 5 -tetrahydropyrimidine, similar in constants 
to the above-described (I), 

Into 100 g of 2- A'-cyclohexenylcyclohexanone (III) was passed NH, at the rate of 18 liters per hour 
for 16 hours with vigorous stirring. 2.7 g of the liquid obtained was placed in a vacuum -desiccator; all 
the ammonia was driven off, found equiv. 9360. After addition of 3 drops of water, the liquid was again 
placed in a vacuum -desiccator. The dried product was neutral. Evidently, the ammonia reacted with 
2- A’-cyclohexenylcyclohexanone (III) to form only the rapidly hydrolyzed (by water) 2-A' -cyclohexenyl- 
cyclohexylketimine 2-(l-Aminocyclohexyl)-cyclohexanone (II) was not obtained. 

SUMMARY 

The condensation of cyclohexanone with ammonia gave 2, 4 -dipentamethylene-5, 6-tettamethylene- 

<* 2, 3, 4. 5 -tetrahydropyrimidine. Hydrolysis of the latter gave 2-(l-aminocyclohexyl)-cyclohexanone. 

Both compounds are new. 
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OXIDIZABILITY OF 1.2-DIPHENYl 


-BUTYLPYRAZOLIDIN-3.5-DIONE 


V. N. Sokolova 


and O. Yu. Magidson 


In the synthesis of l,2-diphenyl-4-n-butylpyrazolidin-3. 5-dione from n-butylrna Ionic ester and hydrazo- 
benzene [1] in the presence of sodium ethylate we observed, in some of the experiments, that in addition to the 
main substance l,2-diphenyl-4-n-butylpytazolidin-3, 5-dlone with m.p. 104-106*, there is also formed a small 
amount of a secondary reaction product with m.p. 132-133*. The separation of these two substances is quite easy, 
since the secondary product is more soluble in alcohol; it was isolated from the mother Uquor obtained in the re- 
crystallization of the l,2-diphenyl-4-n-butylpyrazolidin-3, 5-dione. It could be assumed that the secondary pro- 
duct with m.p. 132-133" is the open-chain substance COOC2H5-CH(n-C4H9) - CONfCsHg)- NHQHs. which was 
formed as the result of incomplete condensation and which could possibly be converted into l,2-diphenyl-4-n- 
-butylpyrazolidin-3, 5-dione. However, this was not confirmed, and an explanation of the reasons for the forma- 
tion of the secondary compound proved possible only after the structure of this new substance was accurately estab- 
lished. On the basis of its elementary analysis, the secondary substance shows 1 more oxygen atom than does 

* l,2-diphenyl-4-n-butylpyrazolidin-3, 5-dione. In contrast to it, the secondary substance was characterized by 
exceeding instability and even when stirred with dilute sodium hydroxide solution in the cold it was cleaved with 
the formation of an acid, the sodium salt of which was poorly soluble in alkali solution and usually deposited in 
the precipitate. Judging from itselementary analysis, tiuation and properties, this acid could have the structure 

* COOH - CH(CX:4H9) - CONfCgHs) - NHCgHj. Further saponification of this compound with aqueous sodium 
hydroxide solution under heating led to hydrazobenzene and a dibasic acid, devoid of nitrogen, which was easily 
and quantitatively decarboxylated when heated at the melting point to yield a new acid with m.p 55-60!. Titra- 
tion and determination of the melting point revealed that ct-hydroxycaproic acid was formed here. To conclu- 
sively prove the po.;ition of the hydroxyl group, the hydroxycaproic acid was oxidized with potassium permangan- 
ate in alkaline medium. n-Valetic acid was isolated after the oxidation, which was identified on the basis of 
titratioa melting point of acid itself, its acid chloride, and the melting point of its amide. The valeric acid 
could have been formed only from o -hydroxycaproic acid till) and in respective order from n-butyltartronic acid 
(II) and the monodiphenylhydrazide of n-butyltartronic acid (I): 


^COOH 
n -C4H9-COH 

'^CO-N-NHCaHs 
m ClsHs 


NaOH 


^COOH 
n -C4H9-COH 

\C00H 


^ n -C4H9-CHOH-COOH ^ CHa-CHz-CHj-CHa-COOH 

(HI) 


A molecular weight determination of the secondary reaction product by the Rast method revealed that 

it is l,2-diphenyl-4-n-butyl-4-hydroxypyrazolidin-3,5-dione 

CO-N-CeHs 

** t, .C4H9-COH I 

\CO— N— CeHs, 

$ ® i.e. it is oxidized l,?-diphenyl-4-n-butylpyrazolidln-3, 5-dione, In studying the conditions for its formation we 
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I — 

found that the oxidation of the 1.2-diphenyl -4-n-butylpyrazolidin-S,5-dione dicing reaction proceeds under the 

I influence of atmospheric oxygen in the essential presence of hydrazobenzene; nie ox-idation with air .aj,? to 

proceed in the absence of hydrazobenzene, which indicates that here hydrazobenzene functions as an oxygen 

EXPERIMENTAL 

1. 2-Diphenyl -4-n-butylpyrazolidin- 3 ,5-dione was prepared from hydrazobenzene and n-butylmalonic 
ester in anhydrous alcohol medium in the presence of sodium ethoxide [1] and was purified by recrystallization 

from alcohol. From the mother liquors, , after recrystallization, was isolated a side product, readily soluble in 

alcohol, with m.p. 136-136.5". which was not homogeneous, since only after repeated recrystallizations from 50''/o 
alcohol, did it have a constant m.p. 132-133". The substance was insoluble in water. 

Found “/oiC 70.47, 70.24; H 6.20, 6.12; N 9.07, 8.85. M 308 (Rast) . CigHjoOjNj. Calculated ‘5l>: C 70.34; 

H 6.21; N 8.63. M 324.4. 

Cleavage of side product. 26.2 g of side reaction product was mixed with 220 ml caustic soda solution, 
the insoluble portion was filtered off and repeatedly mixed with 250 ml water and again filtered off. Both mother 
liquors were extracted separately with dichloroethane, decolorized with charcoal and after filtration, were 
acidified with dilute hydrochloric acid until an acid reaction was obtained on Congo. The substance which came 
down was filtered off and washed with water. From the first mother liquor;, 3.31 g of extremely impure sub- 
stance was obtained with m.p. 120-121" which was not investigated further, and from the second mother liquor 
was obtained 12.4 g of substance with m.p. 141.5". The latter substance was recrystallized twice from 50'?) alco- 
hol. M.p. 144-145" (with evolution of gas bubbles) . The substance was almost insoluble in cold water, readily 
soluble in ethyl alcohol and soluble in sodium bicarbonate solution. 

Found ‘7o: C 66.77, 66.48; H 6.45, 6.78; N 8.18. 8.32. M 344. Ci9H2j04Nj. Calculated '?): C 66.64; 

H 6.47; N 8.18. M 341. 

The obtained substance corresponded to the mono-N,N'-diphenylhydrazide of n-butyltartronic acid (I). 
Hydrolysis of the mono-N.N’-diphenylhydrazide of n-butyltattronic acid. 9.22 g of mono-diphenylhydrazide 
of n-butyltartronlc acid was heated on a boiling water bath with 100 ml of &1o caustic soda for 2 hours with stirring 
Upon cooling, the hydrazobenzene was filtered off. The mother liquor was extracted 3 times with dichloroethane, 
decolorized with charcoal, filtered off and acidified with dilute hydrochloric acid until an acid reaction was ob- 
tained on Congo. The acid solution was extracted 11 times with ether. The ether was driven off from the dried 
ethereal extract and 4.44 g of impute acid with m.p. 124-126" remained. After recrystallization from chloroform, 
it had m.p. 126-127" ( decomp.) . Yield 3.8 g ( 80<7o) . The substance was soluble in water, very readily soluble 
in alcohol and in ether. 

Found <7o: C 47.97, 47.63; H 6.97, 6.72. M 177. CjHuOs. Calculated ‘^o: C 47.72; H 6.86. M 176.2. 

The obtained substance was n-butyltartronic acid (11). 

Decarboxylation of n -butyl tartronic acid . 5 g of the above -obtained acid was heated at 125-130" until 
cessation of the evolution of carbon dioxide gas which was absorbed by a solution of barium hydroxide. 1.2 g 
carbon dioxide gas evolved. The new acid which formed melted at 57-60" and had an odor similar to that of 
caprolc acid. The substance was soluble in water, alcohol and in ether Found M 140. CsHuOj. Calculated 
M 132, i.e. by analysis and properties it was a -hydroxycaproic acid ( III) . 

Oxidat ion of ct -hydroxy caproic acid. A saturated solution of potassium permanganate was gradually added 
with stirring at room temperature to 7 g of hydroxycaproic acid, 3 g of soda in 30 ml water until disappearance 
of pink coloration. The next day the manganese dioxide was filtered off, washed two times with hot water and 
the wash water was combined with the main filtrate. The filtrate was steamed down in an open cup to a volume 
of 20 ml and was acidified with dilute sulfuric acid under a layer of ether until an acid reaction was obtained on 
Congo. The sulfate salts that came down were filtered off. washed with ether, the ethereal extract was separated 
off and the aqueous solution was extracted two more times with ether . The combined ethereal extracts were 
dried with anhydrous sodium sulfate, the ether was driven off and the remaining substance was distilled. The 
following fractions were obtained: 1st with b.p. 130-179", 0.77 g; 2nd with b.p. 179-186", 1.7 g (the literature 
data for n-valeric acid give b.p. 186" [2]) . 
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Investigation of 2nd fraction. -FouBd M 101 .8. C-h.jO,. Csl'''il<.te8 m 102.13, 

1.08 g of the 2nd fraction, b.p. 179-186", and 1.5 g of thionyl chloride were heated for 25 minutes at 80" 
with periodic stirring. The mixture was then distilled two times. An acid chloride with b.p. 123-128.5 was ob- 
tained, 0.57 g (b.p. 127.2" [3] is given for valeryl chloride). 

0.57 g of the obtained acid chloride was gradually added to 4 ml of cooled ( with ice water) ammonia solu- 
tion (d 0.905) . The precipitate which came down was filtered off. After recrystallization from ethyl acetate, it 
had m.p. 103-104.5" ( the literature data [4] give for the amide of n-valeric acid m.p. 106") . 

Oxidation of l,2-diphenyl-4-n-butylpvrazolidin -3,5-dione with atmospheric oxygen. 10 g of 1,2-dipheny]- 
.4.[j-butylpyrazolidin;-3;5-dione was added to a solution of sodium ethoxide, prepared from 0.75 g metallic sod- 
ium and 100 ml alcohol and the alcohol was slowly driven off in the course of 5 hours while air was simultaneously 
passed through the reaction mixture. The residue was dissolved in water, extracted with dichloroethane. decolor- 
ized with charcoal, filtered.and the solution was neutralized with dilute hydrochloric acid. The substance which 
came down was recrystallized from alcohol. 8.48 g of starting compound with m.p. 106° was returned. After 
concentration, 0.29 g mote of starting compound with m.p. 101-103" was obtained from the mother liquor. The 
oxidation product of l,2-diphenyl-4-n-butylpyrazoUdin -3,5-dione was not found under these conditions. 


Oxidation of l, 2-diphen vl-4-n- butylpyrazqlidln -3 , 544dione_ wi th atmospheric, oxygen .in_the^ preseiice_of 
hydrazobenzene . The experiment was carried out under the same conditions except in the presence of 6 g hydrazo- 
benzene. After recrystallization from alcohol. 6.1 g of starting substance with m.p. 105 was obtained and from 
the alcoholic mother liquor , after recrystallization, 1.15 g of oxidation product l,2-diphenyl-4-n-butyl-4-hydtoxy- 
pyrazolidin -3.5-dione was isolated. For cleavage of the pyrazolidine ring the substance was mixed with dilute 
caustic soda solution, the sodium salt which came down was dissolved in water and from the dilute hydrochloric 
acid solution was precipitated the mono-diphenylhydrazide of n-butyltartronic acid which was purified by recry- 
stallization from 50?o alcohol. It melted at 144" and gave no depression with the mono-diphenylhydrazide of 
n-butyltartronic acid which was obtained previously . Consequently, in the presence of hydrazobenzene the oxida- 
tion of l,2-diphenyl-4-n-butylpyrazolidin -3,5-dione with atmospheric oxygen to the hydroxy derivative took 
place. 


SUMMARY 


1. The structure of the secondary product, formed in the condensation of n-butylmalonic ester with hydrazo- 
benzene in a medium of alcoholic sodium ethylate solution, was determined, which proved to be 1,2-diphenyl -4- 
-n -butyl -4-hydroxypyrazolidin -3 ,5-dione . 

2. It was elucidated that the formation of this secondary reaction product proceeds under oxidation with 
atmospheric oxygen in the essential presence of hydrazobenzene. 


LITERATURE CITED 

[1] British Patent 646597; C . A., 45. 7602 ( 1950) . 

[2] G. Lievens. Chem. Zentr.. 11,1328 (1924). 

[3] J. Timmermans, Chem. Zentr., I, 127, (1928). 

[4] C. H. Fiske, J. Biol. Chem., 55, 218( 1923). 


Received May 6,1955 


S. Ordzhonikidze 

All-Union Scientific -Research Institute of 
Pharmaceutical Chemistry 


<* 



655 




PREPARATION OF a-NAPH 


thylnitromethane and its derivatives 


L. Zalukaev 


and E. Vanag 


a-Naphthylnitromethane is a difficultly available compound, and only a single study has been devoted 
to its syntheS'lm it was obtained by the reaction of « -naphthylacetonitnle widt ethyl nitrate in the presence 
of sodium ethylate. 

Wislicenus and Wren [1], who realized this synthesis 50 years ago. failed to communicate the yield of 
either the intemiediate products or of the final nitro compound. 

Up to now the attempts to obtain a -naphthylnitromethane by the direct nitration •^^^'Inapht'ialene 
with nitric acid have been unsuccessful. Treatment with anhydrous nitric acid gives the 4- nitro derivative an 
mixture of difficultly separable oily products of unknown structure [2]; if acid (d 1.36) containing ® 

"used, then the 4-nLo derivative is obtained as the solitary product [3]. In general, the derivatives of «-naphthyl- 
nitromethane with substituents in the ring are Unlmown. 

Earlieiione of us [4] had developed a general method for the preparation of compounds with the nitto.- 
methyl group, which can be depicted by the scheme: 

..OH rch.no.. 


C()““CCX. “‘U 


'^COONa 


The 1,3 -indandione derivatives on which this synthesis is based ate readily available substances. This is 
esoeciallv true of the diketones with heterocyclic and aryl substituents in the two position. The first are tn 
^th'onls. being obtained in nearly quantitative yield by the fusion of phthalic anhydride and a heterocyclic com- 
pound with a.sufficiently active methyl group [5]. 

In the case of aryl derivatives of the indandione good results ate obtained if the phthalides ate synthesized 
from arylacetic acids and phthalic anhydride, with their subsequent isomerization into diketones under the influence 
of alcoholic sodium alcoholates. 

The preparation of arylnitromethanes had been studied by one of us earlier on the example of phenylacedc 

acid [6]. 

Having realized the following cycle of reactions: 

CO C=CHC8Hs 

/^■^\ CH^OONa CH.ONa ^ 

'H-h i O 1 o 


CsHsCHaCOOH - 




CO 

, I ^HCsHs 

'xA/ 


0 


oo 


CeHsCHsNOj. 


in the final end we obtained plienylnitromethane in 43 /o yield, based on starting phenylacetic aci 
■ , ^ . I I, rgojily avaUahle.. 

As is known, the nuclear substituted derivatives of a -napluhylacenc act , for 

substances, and 06 -naphthylacetic acid itself is obtained on a commercial s o J j deriva- 

the preparation of these compounds is based on the reaction of chloroacetic acid with naphthalene 
lives n, 8]. 

Using the above cycle of reactions based on the example of naphtliylacelie 

nitromethane. for which the whole synthesis is gven in the EXPERIMENTAL. Based on the itartin. naphuiy 

acid the yield is 20-30%. 

To obtain 4-nitro- «-naphthylnitromethane we used the inetliod previously described by us and used at 
the time for the synthesis of 4-nitrophenylnittomethane [9]. 

It consisted in the nitration of benzylidenephthalide 



C=CH<' 


;no2 




with subsenuent isomerization into the diketone and then by the scheme given above. It was 

residue in phthalides is extremely reactive and benzylidenephthalide in its character is reminiscent of toluene. 

The nitration of «-naphthylidenephthalide also gave the nitro derivative. After 
isomerlzed into the diketone, nitration and hydrolysis of the nitro diketone gave m good yield the corresponding 
nitro compound - 4-nitro-c(-naphthylnittomethane. 

The position of the nitro group was shown in two ways. On the one hand, by the oxidation of the nitro - 
phthalide at the ethylene bond, and on the other, by treatment of the final derivative containing a murome thyl 
group with sulfuric acid. 4-Nitro-« -naphthoic acid was obtained in both cases. This shows that the „roup 
is found in die four position. 


scheme: 


We obtained the diketone, needed for the synthesis of 4-bromo-a-naphthylnitrometliane, by the following 



|/Y\ 



IS also shown by oxidation of the phthalide, which led to 4-btomo-<x 


The position of the bromine w 
-naphthoic acid. 

The whole synthesis of 4-bromo-a-naphthylni«omethai 
-naphthylnitromethane and 4-nitro-a-naphthylnitroraethane. This synthesis c, 
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EXPERIMENTAL 

1. Preparation of «-naphtyl-l,3-indandlone, a) 81 g a -naphthylacetic acid. 81 g phthalic anhydride 
and 2.5 g of anhydrous sodium acetate flO] were mixed and carefully ground in a mortar, the mixture was placed 
in a liter flask connected to a slanted tube for driving off the water famed during the reaction. The reaction mass 
was carefully heated on a gas burner until the appearance of crystals in the brown liquid melt, which usually takes 
about 2 hours. After cooling, the solidified mass was boiled with alcohol until a yellow powder formed . The yield 
of commercial product suitable for further operations was 90.5 g ( 76%). After recrystallization from glacial acetic 
acid, the substance gave fine yellow prisms with m.p. 177-178°. 

Found %: C 84.29; H 4.94. CuHaO^. Calculated %: C 83.82; H 4.41. 

b) Isomerization of phthalide to 2- (a -naphthyl) -1,3 -indandione was carried out according to Nathanson 
[11]. Boiling of 40 g phthalide in sodium methoxide ( 275 ml methanol and 6 g sodium) for 30 minutes with subse- 
quent aqueous dilution and acidification yielded 35 g of rather pure diketone. The yield of unrecrystallized product 
was 88%. After recrystallization from acetic acid, from 20 g crude product was obtained 13.5 g of crystals In the 
form of thin light yellow flakes. M. p. 205-206°. 

Found %: 0 83.99; H 4.70. CmH^Oj. Calculated %: 0 83.82; H 4.41. 

2. Nitration of 2- (ot -naphthyl) -1,3-indandione. 3.25 g of diketone was dissolved in 70 ml glacial acetic 
acid with heating and to this solution was added a nitrating mixture of 4 ml nitric acid { spec. grav. 1.52) and 8 ml 
glacial acetic acid. Upon cooling, 2-nitro-2-(a -naphthyl) -1,3-indandione came down. Yield 2.15 g (57%) . M.p. 
156°. 


Found %: C 71.85; H 3.28; N 4.42. CigHiAN. Calculated %; C 71.95; H3.38; N 4.41. 

In the cited case the most typical yield was given. In general, it varied in the range 52-60% and in one 
case even reached 77%. Nitric acid (spec. grav. 1.38) can be also used with similar success. 

3. Preparation of ot -naphthylnitromethane. 10.3 g 2-nitro-2-{ a -naphthyl) -1,3-indandione was dis- 

solved in 300 ml 5% aqueous solution of caustic soda, employing a mechanical stirrer. Solution was continued for 
about 6 hours, after which the alkaline solution was filtered off and acidified with dilute acetic acid. The precipi- 
tate had the consistency of a slurry and after standing overnight, completely solidified into a brown crystalline 
powder. 

After washing with water and drying at room temperature. 5.2 g of relatively pure a -naphthylnitromethane 
was obtained. 

Found %: N 8.01. CnHsO^N. Calculated % : N 7.49. 

After recrystallization from glacial acetic acid, 3.4 g of yellow flakes with m.p. 71-72° was obtained which 
corresponds to the literature data for a -naphthylnitromethane. 

Found %: C 70.46; H 4.59; N 7.73. CixHgCtN. Calculated %: C 70.60; H 4.81; N 7.49. 

4. Nitration of a-naphthylidenephthalide . 16 g of a -naphthylidenephthallde was covered with a mixture 
of 50 ml glacial 'xcetic acid and 90 ml of nitric (spec. grav. 1.34) acid. The suspension was heated on a water 
bath to 40-45° for 5 minutes, after which the yellow crystalline powder was separated off and dried. Weight 15.2 g . 
M.p. about 230°. 

Found %: N 5.13. Ci,Hii04N. Calculated %: N 4.41. 

From the analytical data it was evident that the substance contained more highly nitrated products. For 
purification it was boiled with benzene and the insoluble portion was filtered off. The weight of yellow needles was 
9.8 g. M.p. 247°. Besides this, the benzene filtrate gave 2.8 g of substance with m.p. 253°, which amounted to 
12.6 g nitro derivative or 72%, based on the starting a -naphthylidenephthallde. 

Found %: N 4.50. CkHxiP 4N. Calculated %: N 4.41. 

After several recrystalllzations, the substance had m.p. 257°; however, the product with m.p. 247-253° 
gave the same yield of diketone as the completely pure product. 

The substance was readily soluble in hot benzene from which It could be recrystallized; it was difficultly 
soluble in alcohol and in benzene. 
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5 , Pren,r,tion of 2- f 4-nitro- « -naphthyl) -1,3 -ind andione.. Isomerization was carrieo ou j yy 

mately the s^method as wa"s used for the ot -naphthyl derivative. 5 8 nn“a ,^ater 

sodium methoxide and to the dark-violet solution was adcied i2 ml . ..Mified with 

bath for 30 minutes, after which it was poured into water. The blood-red soluuon was filtered " 
dilute hydrochloric acid. In all. 4.65 g commercial product was obtained, which after recrysia 
acetic acid, ^eld»d.3.52 g (VOfo) of greyish flakes with m.p. 203-204". 

Found %: N 4.48. CijHiAN . Calculated “7o: N 4.41. 

6. Prepa ration of 2-nitro-2-( 4-nitro- a-naphthyL)j a,3-indandione^ ® ^.^^"‘"roTnTlTIitiic^^ 
-indandione was covered with 220 ml of glacial acetic acid, the mixture was heated to 45 an 

arid ( ,Dec grav 1 341 was run.ia the mixture was then shaken and carefully heated again until brown oxides 


6. Prepa ration of 2-nitro-2-( 4-nitto- a-naphthyDj -j.d-rndandio^ iu g or t / 

-indandione was covered with 220 ml of glacial acetic acid, the mixture was heated to 45 an 

acid ( spec grav 1 34) was run.ia : the mixture was then shaken and carefully heated again until brown oxid 

“ Live. .i.e. cooung .Uh .he o,y„.U... p,.=.^...e ... 

washed with alcohol. Recrystallization from acetic acid gave 16 g o. mtro derivative. M. p. 

Found 7i:C 62.70: H 2.54; N 7.76. CigHioOeNz. Calculated /o : C 62.98; H 2.76; N 7.73. 

7 Prenaratio n of r 4-nitro- a -naphthyl) -nittomethane. 11 g of the nitro derivative, obtained as pre- 
viously descrl^as carefully rubbed in a mortar and covered with 200 ml of 5?, aqueous 

soda and set aside at room temperature with mechanical stirring for 6 hours. The transparent solution was fi.tered 
free of insoluble substance. The weight of the latter was 0.4 g . After acidification with dilute ""®“^“ VAfter 

yellow precipitate in the form of fine needles came down from the filtrate. Weight . g. m.p. 

recrystallization from alcohol, 4.5 g ( 667k) of crystals of the nitro derivative was obtained with m.p. 116-117 . 

Found 7o: C 56.63; H 3,30; N 12.07. CnH804Nj. Calculated 7-: C 56.90: H 3.45; N 12.07. 

8. Prpmration of 4-nitto- a -naphthoic acid, a) From (4-nitro-ot -naphthyl) -nitromethane . 0.5 g of 
(4-nitro-c( -naphthyl) -nitromethane was coveted with 5 ml 807o sulfuric acid and was carefully heated for 30 minutes 
on an ait bath .with continuous stirring. The reaction mixture was quite dark. After cooling, the mixture was 1- 
luted with water, the precipitate was separated and washed with water and then treated with sodium bicarbonate. 

Upon acidification, fine crystals came down with m.p. 216". They were recrystallized from dilute alcohol. Brown 
needles were obtained with m.p. 219-220 . 

Founded C 60.60; H 3.28; N 6.50. CuH 704 N. Calculated : C 60.82; H 3.22; N 6.45. 

The analytical data correspond to the literature data for 4-nltro-ot -naphthoic acid, 
b) From nittophthalide. 2.3 g of 4-nitto-a-naphthylidenephthalide was carefully stirred with 4.5 g of 
sodium bichromate, the mixture was covered with 60 ml glacial acetic acid and then, carefully with vigorous shaking 
5 ml concentrated sulfuric acid was added. The mixture was heated with mixing until the liquid was colored green. 
The hot solution was filtered and the filtrate was diluted with water . The light -yellow precipitate was separated 
off washed with water and then with a saturated solution of sodium bicarbonate. The soda filtrate was acidified 
with dilute hydrochloric acid. After recrystallization from dilute alcohol, the light-yellow precipitate weighed 0.4 g 
and had m.p. 218". The yield of acid was 25 

Found N 6.58. C,uH,04N. Calculated 7<i : N 6.45. 

A second tecrystallization gave a substance with m.p. 219-220°. 

9 Bromination of g-naphthylidenephthalide. 60 g of ot-naphthylidenephthalide was coveted with 450 ml 
of carbon tetrachloride, the suspension was heated to the boil on a water bath and then a solution of 24 ml bromine 
in 35 ml of the same solvent was added in small portions in the course of 45 minutes . After hydrogen bromide fumes 
started to evolve, the mixture was boiled in a flask with reflux condenser for 18 hours, cooled, the precipitate was 
separated off. washed with carbon tetrachloride and dried. The weight of the tribromo derivative was 65 g (587o) . 
M.p. about 200°. Similar to dibromobenzylidenephthalide. the substance did not have a sharp melting point and 
decomposes with heating. 

Found 7o: Bt 47.08. CigHiABrj. Calculated 7o : Br 46.97. 

10. Preparation of 4-bromo- ct-naphthylidenephthalide. 65 g of substance, prepared as in the preceding, 
was stirred with 100 g of zinc dust and coveted with 600 ml glacial acetic acid. After boiling for one hour, the mix- 
ture was decanted. Upon cooling, the solution gave a yellow crystalline powder which was separated off. The mother 
liquor was mixed with the remaining zinc dust and was again boiled to extract the substance remaining in mixture 
with the zinc dust. The filtrate gave a second portion of crystals which were combined with the first portion. Yield 


♦ 


24.0 g (557s) of the iiioii&bromo derivative. M.p. 203-207°. A.fter recrysfallizarion from acetic acid or from benzene, 
the substance had m.p. 223-224°; however, for all subsequent work, the product with m.p. 203-207° was used which 
gave practically the same yields of diketone as the completely pure product. 

Found 7o: Br 22.46. CigHnOjBr. Calculated 7o : Br 22.79. 

The position of the bromine atom in the naphthalene ring was established in the following manner. 5 g 
of the monobromo derivative was oxidized with sodium bichromate by the method described in Preparation 8. After 
acidification of the solution of the acid in bicarbonate, the precipitate which came down was recrystallized from 
glacial acetic acid. The yellow needles of 4-bromo- ot-naphthoic acid melted at 218-219° (literature data give 
217-220°). 

Found 7o: Br 31.83 , 31.20. CuHrOiBr. Calculated 7s: Br 31.47. 

11. Preparation of the diketone. Isomerization of the phthalide to the diketone was carried out by the 
above described method as for other phthalides. From 15 g of. phthalide was obtained 14.5 g of crude diketone with 
m.p. 198-200°. After recrystallization from alcohol, they were in the form of oblong flakes with m.p. 207-208°. 

Found 7s: Br 22.98. CigHiiO^Br. Calculated 7s : Bt 22.79 . 

12. Nitration of the diketone. 9.5 g of ( 4-btomo- a -naphthyl) -1,3 -indandione was coveted vrith 150 ml 
glacial acetic acid and healed mildly. Upon shaking, 60 ml of a mixture of equal volumes of glacial and nitric 
(spec. grav. 1.48) acids was added to the suspension. The suspension was heated to 50-55° and held at this tempera- 
ture for 15 minutes and then cooled. The precipitate which came down was separated off and washed with alcohol. 
Yield 7.1 g of crude nitration product with m.p. 147-148°. Impurities were extracted by boiling with acetic acid. 

The insoluble diketone had m.p. 160-161°. Recrystallization from acetic acid did not change the melting point. 

Yield 4.85 g ( 45 7s) . 

Found /’o: N3.54; Br 19.86. Ci9Hio04NBr. Calculated -,i= ; N 3.53; Bt 20.20. 

13. Preparation of ( 4-bromo- oi -naphthyl) -nittomethane. 3.7 g of the nitrodiketone was covered with 30 ml 
of 107o caustic soda and the mixture was mechanically stirred at room temperature for 7 hours, diluted with water 
and filtered. 0.65 g of substance with m.p. 160-161° remained undissolved. The filtrate was acidified with dilute 
acetic acid until a slight turbidity appeared and was set aside for 12 hours. The residue of ( 4-bromo- a-naphthyl) - 
-nitromethane weighed 1.85 g. with ' m.p. 85-86°. The yield of crude product was 907o. After recrystallization 
from alcohol, 0.9 g of nitro derivative was obtained with m.p. 91-92°. 

Found 7s: N 5.31; Br 29.50. 29.67. CjiHANBr. Calculated 7°: N 5.26; Bt 30.07. 

^ SUMMARY 

A method was developed for the synthesis of a -naphthylnitromethane and some of its derivatives. 
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PYRIDO- ( 3.4-d) -TH I AZOLE DERIVATIVES 


The condensed system of thiazole with pyridine, known as the pyrldothiazole nucleus, has been studied 
but slightly . Of the five possible pyrldothiazole Isomers 


only the first three derivatives are known, and the number of their known Individual representatives are extremely 
few. The first derivatives of pyrido-f2,3-^ -thiazole and pyrido-( 3,2-^ -thiazole were synthesized by the Japanese 
chemists [1], but the unsubstituted pyridothiazoles tliemselves have not been obtained up to now. 

The purpose of the present study was to synthesize the new pytido-( 3,4-^) -thiazole and some of its deriva- 
tives: the 2-carboxylic acid, its amide, the hydrazlde and some hydrazones, in order to elucidate tlie activity of the 
indicated compounds on the tubercle bacillus. 

We realized the synthesis in the following manner: the heating of 3-nitro-4-chloropytidine with sodium 
disulfide gave the disulfide (I) , the reduction of which with zinc dust in acetic acid gave 3-amino-4-metcapto- 
pyridine, not isolated from the reaction mixture, and when boiled with acetic anliydride the latter was cyclized to 
2-raethylpyrido-( 3,4-^ -thiazole ( II) . Oxidation of ( II) with potassium permanganate gave pytido-( 3,4-d) -thiazol 
-2-carboxylic acid (III), and the acid in turn was converted into the ester (IV): from the latter were obtained the 
amide (V) and hydtazide (VI), and from the hydrazide the two hydrazones vrith benzaldehyde and salicylaldehyde. 
The indicated transformations are depicted by the following scheme: 


( scheme continued on following page) 


1 


. > 1 'c-COOH -^,1 I C-COOCH;,-^^ I C-CONM, 

xA./ 'xAA 


i"Y > 

\/\nX 


YY \ 


The decarboxylation of acid ( III) gave the free base pyrido-( 3,4-^) -thiazole ( VII) . 

2-MethvIpvtido-( 3.4-d) -thiazole ( H) appears as colorless needles with m.p. 90°, very soluble in most 
organic solvents and quite soluble in water. It forms the monopicrate with m.p. 208° and the monohydrochlotide 
with m.p. 238°. Pytido-( 3,4-^) -tliiazole -2 -carboxylic acid (III) appears as tiny needles with m.p. 156 
(decomp ). We were unable to isolate the acid chloride of this acid in the free state. The reaction product 
of die acid with thionyl chloride, after removal of the excess of the latter, was reacted directly with the alcohol. 
The methyl ester (IV) has m.p. 71°. The amide (V) is obtained from the ester (IV) without any difficulty, but 
the hydrazide ( VI) of this acid is obtained only at a temperature not exceeding 30°, probably, due to the fact 
that when heated with hydrazine hydrate the pyridothiazole ting is ruptured. The formation of acylhydrazones 
from the hydrazide is both easy and quatitative. 


EXPERIMENTAL 

4-Chloto-3-nitropyridine, necessary for the described synthesis, is known. The starting product for its 
preparation is pyridine, which via pyridylpyridinium dichloride is converted to 4-hydtoxypyridine [2], and then, 
with nitration , into 3-nitro-4-hydroxypyridine [3]. Replacement of the hydroxy group with chlorine to prepare 
4-chloro-3-mtropyridine was carried out under the conditions described by Bremer [3]. 

3,3'-Dinitro-4,4’-dipyridvl disulfide (I). 48 g of crystalline sodium sulfide was dissolved in 100 ml of 
boiling alcohol, 6.4 g of sulfur was then added and the mixture was boiled for 10 minutes. Upon cooling, 39 g 
3-nitro-4-chloropytidine was added in small portions with shaking to tire above mixture. At first the solution 
darkened, then a crystalline precipitate coated the walls of the flask and finally, a viscous light-yellow mass 
formed. After this, tire mixture was heated for 10 minutes on a water bath at 70-80 ; on cooling, die precipi- 
tate was filtered off, suspended in 100 ml of water, set aside for 30 minutes and again filtered off; after drying, 
it was recrystallized from glacial acetic acid. Yield 19.6 g (62f(,) . Light -yellow needles with m.p. 216°. 

2- Methvlpyrido-(3,4-d) -thiazole (II). A well rubbed mixture of 19.6 g disulfide (I) and 60 g zinc 
dust, previously treated with dilute hydrochloric acid [4], was added in small portions with mechanical stirring in 
the course of one and a half hours to 150 ml of boiling acetic acid. The mixmre was then boiled with mixing for 
one hour more, 40 ml acetic anhydride was added and boiling with mixing v/as continued for 3 hours more. On 
cooling, the mixture was alkalized with a large excess of 40'v'o caustic soda solution, and Compound ( H) was ex- 
tracted repeatedly with chloroform ( test for completeness of extraction) . After this was driven off. a colored 
crystalline precipitate remained with an odor similar to that of acetamrde. It was again dissolved in chloroform 
and passed through a layer of aluminum oxide 15 cm high. After evaporation of the solvent, the precipitate wa-, 
recrystallized from a small quantity of ligroine. Yield 12.7 g ( 6T'/o). M.p. 90 . 

Found fo: N 18.20, 18.28; S 21.21. 21.02. CiHsN^S. Calculated fo: N 18.36; S 21.33. 

The picrate was obtained from alcoholic solution. It was recrystallized from alcohol, m.p. 208°. 

Found 7o: N 18*28, 28.38; S 8.42. 8.60. C13H9OJN5S Calculated “fo: N 18.47; S 8.44. 
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The liycrochrcridc salt was prepared by addition of an ethereal solution or hydrogen chloride to an ethe- 
real solution of 2-methylpyrido-(3,4-d) -thiazole. The white precipitate which came down was recrystallized from 
alcohol with ether. M.p. 238°. 

Found N 15.20, 14.96. C7H7N2CIS. Calculated N 15.01. 

Pyrido-(3,4-d) -thiazole-2-carboxylic acid ( III) . 9 g of rubbed potassium permanganate and 12 g of Com- 
pound (II) were added, to 150 ml water with mixing and heating on a water bath. The mixture was mixed for 30 
minutes and 150 ml water and 9 g potassium permanganate were again added and the mixture was again heated with 
mixing until the permanganate color disappeared. The hot solution was filtered and the precipitate was extracted 
2 times with hot water. The combined filtrates were steamed down to 20-25 ml volume and upon cooling, dilute 
hydrochloric acid was carefully added until there was a weakly acid reaction; a white precipitate came down which 
was set aside for 1 hour and then purified by repreclpitatlon with hydrochloric acid from solution in soda. The yield 
of pyr.do- ( 3,4-d) - thiazole -2-carboxylic acid ( III) , washed with a small quantity of water and dried in a vacuum - 
desiccator over sulfuric acid, was 2.8 g. M. p. 156° ( decomp.) . After alkalization with sodium carbonate, 4.5 g of 
unreacted 2-methylpyridothiazole with m.p. 90° came down from the filtrate. Thus a total of 7.5 g 2-methylpyrido- 
thiazole reacted. Yield of acid onneacted thiazole was 367o. 

Found N 15.45, 15.64; S 17.89, 18.00. C7H40iN2S. Calculated N 15.55; S 17.77. 

Methyl ester of pyrido-( 3.4-d) -thiazole -2 -carboxylic acid (IV). 2 g of acid (III) was mixed vrith 10 ml 

thionyl chloride and the mixture was heated on a water bath to the boil for 3 hours. The excess of thionyl chloride 
was then driven off in the vacuum of a water-jet pump and 20 ml anhydrous methyl alcohol was added to the residue; 
the mixture was boiled for one hour more. The alcohol was driven off and 15 ml of saturated sodium carbonate solu- 
tion was added to the residue. The methyl ester of pyrido-( 3,4-d) -thiazole -2 -carboxylic acid was repeatedly ex- 
tracted with chloroform. After driving off the chloroform, the residue was recrystallized from ligroine. M.p. 171°. 
Yield 1.2 g ( 56%) . It gave no depression in a test mixture with the methyl ester obtained from acid ( III), and diazo- 
methane. 

Found %: N 14.24, 14.29. CgHsCfeNjS. Calculated % : N 14.43. 

Amide of pyrido-( 3.4-d) -thiazole -2 -carboxylic acid (V). To 0.45 g of ester ( IV) was added 10 ml of 
concentrated aqueous ammonia solution and the mixture was set aside for 48 hours. The precipitate was filtered off, 
washed with water and recrystallized from water. Yield 0.3 g (71%) . Colorless needles with m.p. 262°. 

Found %: N 23.53, 23.58. C7H5ON3S. Calculated %: N 23.46. 

Hydrazide of pyrido-( 3,4 - d) -thiazole -2-carboxylic acid (VI). To a solution of 0.3 g of ester ( IV) in 
10 ml methyl alcohol was added 0.3 g hydrazine hydrate at room temperature. After 3-5 minutes, a precipitate 
came down from solution in the form of white needles. It was filtered off and recrystallized from alcohol. Yield of 
pure product (VI) 0.25 g (83%). Light-yellow needles with m.p. 232°. 

Found %: N 28.40, 28.22. C7H6ON4S. Calculated %: N 28.86. 

If the reaction of hydrazine hydrate with ester ( IV) is carried out with heating, then hydrazide ( VI) does 
not form, due probably to the fact that hydrazine hydrate cleaves the thiazole nucleus. The fact that we did not 
succeed in preparing the analytically pure substance was probably due to the partial cleavage of the thiazole ting 
even at room temperature. 

Hydrazone with benzaldehyde. To a solution of 0.2 g of the hydrazide of pytido-( 3,4-d) -thiazole- 
.-2-carboxylic acid (VI) in 3 ml glacial acetic acid (heated to the boil) was added a solution of 0.2 g benzalde- 
hyde in 1 ml glacial acetic acid and the mixture was boiled for 5 minutes. On cooling, 2 ml water was added to the 
mixture and the precipitate which came down was recrystallized from alcohol. Colorless needles with m.p. 241°. 

Found %: N 19.49, 19.50. Ci4Hi(|ON4S. Calculated %: N 19.53. 

The hydrazone with salicylaldehyde was prepared in the same manner as above. M.p. 290°. 

Found %: N 17.82. CMHi90iN4S • HgO. Calculated %: N 17.72. 

Pytido-( 3,4-d) -thiazole ( VH) . 1 g of acid ( III) was heated in a test tube on an oU bath at 175-180° for 

10 minutes and the residue was then extracted with boiling ligroine, the solution was decolorized with charcoal and 
after the solvent was driven off, the residue was again dissolved in a small quantity of petroleum ether, filtered and 
the ether was steamed off. The residue was in the form of colorless needles with m.p. 105°. Yield 0.4 g (53%). 

Found %; N 17.82. Ci4HioOiN4S • H^O. Calculated %: N 17.72. 

665 


SUMMARY 


1. Wc prepared 2-r5ethylpyrido-(3.4-^ -thiazole, nyrido-( 3.4-d) -rbi..ole-2-carboxylic acid, its methyl 

ester, the amide, hydrazide and two hydrazones. ' - 

2. The decarboxylation of pyrido-(3,4-d) -thiazole -2 -carboxylic acM gave pyrido-(3,4-d) -thiazole. 
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